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SEEFAR: AN IMPROVED MODEL FOR PRODUCING LINE-OF-OF-SIGHT-MAPS

r] 1. INTRODUCTION

» X A line-of-sight map, or intervisibility plot, is a graphical representa-
g; tion of those portions of a geographical area which are visible to a given

o observer. (The term "visible" throughout this report refers to the existence
ki of line of sight from an observation point to a target point which is uninter-
i ) rupted by intervening terrair. ur obstacles.) These maps may be as shown in
Figure 1, where the hatched portions represent those areas in which a target
of a given height would be obscured. Targets in the blank portions would be .
visible. Or the maps may be shown as in Figure 2, where multiple target

2 heights are considered. Each symbol represents a particular target height.

8 A symbol plotted in a certain area indicates that targets of the associated

b height (or higher) located in this area are visible to the observer. For ex-
. ample, in Figure 2 a target 10 meters high (or higher) would be visible to the
; indicated observer if located at the point with UTM (Universal Trensverse

! Mercalor Projection) coordinates (554500, 5612600).
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A number of computer programs are available for providing these maps;
most of these programs are hased on the algorithm described as "an intuitive
approach" in this report. LOSMAP is one such program available at USAMSAA.
Use of an alternate algorithm, however, has resulted in a considerable re-
duction in both the memory requirements and compute time. An implementation
of this algorithm, called SEEFAR, is included in Appendix A. The purpose of
this report is to describe the basic SEEFAR algorithm and to compare it to
the LOSMAP approach.
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Line~-of-sight maps have proved particularly useful in the development of
combat scenarios for selecting reasonable observer positions and tactically
sound attack routes. These maps can be useful to the wargamer, to the tac-

P ol
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tician in the field, and to the test plan developer. Additionally, they may f
P be helpful in developing desirable weapon system characteristics. For example, ,
g‘ it would be fruitless to develop a weapon system requiring line of sight with |
;. a range of 10 kilometers to be used in an area where observers typically can- 3
i i

not see a target at further than 5 kilometers.

The information required to produce these maps is of three types. First,
the positional relationship between the map and observer must be specified.
An area of interest is denoted by its extreme rectangular coordinates. The
observer's position must be within this area. Secondly, heights of the ob-
server and the target are required. The target height is the height of that
point on the target that must be seen before the target is considered visible;
' the observer height designates the eye or sensor position above the ground.
4 Finally, the actual terrain elevations along with any ancillary terrain data
? must be supplied.

N e

The Defense Mapping Agency (DMA) digitized terrain data fulfill the third
information requirement. These data were created by extracting elevations
from concour lines on 1:50000 scale contour maps. Then, through planar inter-
polation, elevations were obtained at 12.5-meter intervals. This information
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is supplied on magnetic tapes as south-to-north strings of data sweeping from
west to east. The term scanline, or scan, throughout this paper will denote
a south-to-north string of information. Thus, the DMA data is a set of eleva-
tion scanlines. Additionally, an indication of the presence of a forest,
orchard or urban area has been included with each elevation.
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2. AN INTUITIVE LINE-OF-SIGHT ALGORITHM (LOSMAP)
2.1 Algorithm Description.

Now, given-the- information described in the previous section, suppose
we wish to produce a map like that in Figure 1. Basically, at evenly spaced
intervals thoughout the area of interest the question must be asked, "Can the
observer see the target if it is at this spot?" A reasonable approach to
answering this question is to draw the terrain profile between the observer and
the target, then draw the 1ine from the observer eyeball to the target point
and determine whether the terrain profile interrupts that observer-target line.
If there is no interruption, Tine of sight exists; otherwise, this spot is not
visible.

In Figure 3 the observer and target are depicted in the array of
digitized elevations. As the figure indicates, at each point where the line
between observer and target crosses a grid line, linear interpolation is used
to find another height on the desired profile. As the profile is thus being
constructed, a comparison is made between the elevation of each new point on
the profile and the corresponding height of the line drawn from the observer
eyeball to the target point. If the profile height is ever the larger of the
two heights, line of sight does not exist; otherwise, line of sight does exit.

Of course this is a simplification of the problem. Because the pre-
sence of vegetation and urban areas can have a major impact on visibility for
an observer, it is generally desirable to use the DMA vegetation/urban in-
dicators. For example, while constructing the profile an appropriate height
increment may be added to the profile ir it runs through trees or towns. Fur-
ther, the effect of earth curvature must be considered. If multiple target
heights are considered, some accounting method must be used to keep track of
the minimum visible target height. This brief description gives enough infor-
mation to point out the major problems with the algorithm: computer space
and time requirements.

2.2 Problems Encountered: Storage and Compute Time

As long as the area of interest is small, there is no problem. The
use of high speed computers enables one to perform the required calculations
with ease.

Notice, however, that this algorithm requires easy access to elevations
in the entire area of interest. For each target point, an observer-to-target
profile is constructed, requiring the elevations of many intervening points.
Cunsider making a 6 x 6 kilometer map. If a 12.5-meter grid is used, an array
of elevations dimensioned 481 x 481 is needed. Storing une elevation per word
would require 231,361 words of memory for the elevation array alone! This pro-
blem can be somewhat alleviated by using a thinned grid of 25, 50 or even 100
meters. While this thinning may result in more inaccuracy, the outcome is often
deemed adequate. Further, these elevations may be packed into the elevation
array several at a time thereby decreasing the required storage even more. But,
inevitably, as the size of the area that can be handied is increased, a problem
is encountered that requires an area slightly larger. Some have solved the
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storage problem by swapping data in and out of memory as needed. This, however,
is rather cumbersome and will tremendously increase input-output time require-
ments. As one becomes concerned with larger areas of interest, as in air-to-
ground and air-to-air intervisibility studies, this storage probiem must be
faced some other way.

Another problem to consider is that of compute time. If one needs a
simple line-of-sight map 1ike that in Figure 1, it is hard to predict exactly
how many calculations will be performed. For eaEh point on the map a profile
must be started, so for an n x n map, at least n® calculations will be performed.
If the profile interrupt is encountered early, few extra calculations will be
needed. But, when line of sight to the target point exists, the entire profile
must be constructed and each height comparison must be performed. With maps
like that in Figure 2, considering multiple target heights, it becomes more
Tikely that the entire profile must be constructed for eyery target point. The
required number of calculations would then be of order n (See Appendix Cl).
For large areas, this could easily be a prohibitively expensive algorithm.
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3. DYNAMIC PROGRAMMING ALGORITHM (SEEFAR)

3.1 Algorithm Description.

3 A. One Ray. Now consider an alternate approach to the development

4 of 1ine-of-sight maps. How should line-of-sight calculations be performed if
8 all the target positions lay along one 1ine? For each target position along

: tha ray the question must be answered, "How high must the target be raised to
4 be seen?" But it hardly seems necessary to draw a new profile for each target
; position. Instead, one might choose to work from the observer out, extending
! the profile to each new target position, not keeping track of all the previ-
El ousiy encountered elevations but simply updating the effect of the maximum

b interrupt encountered thus far as new interrupts are encountered. This maxi-
E mum interrupt effect projected to the current target position is essentially
the minimum target height required to overcome the effect of terrain between
the observer anc the target. This height can be thought of as a running
horizon, running in the sense that it must be updated as target positions move
further from the observer.

S e SR ARt

j
1
|
|

ﬁ‘ For each target position, then, the following procedure could be

4 followed: é
' (1) Check to see if the current target position is above or below j
] the current horizon (i.e., in or out of view) ‘
3 (2) Plot the results )
ki (3) Update the running horizon to reflect its movement outward, and 3
. any greater interrupts encountered. (This new horizon value will be used in

! the line of sight caicuation for the next target position.) :
4

3 Consider row this running horizon, or maximum interrupt effect. Fig-
¥ ure 4 demonstrates maximum interrupts, how they can change as the profile is
extended, and how their corresponding projected effect must continually be up-
dated. The maximum interrupt effect must be updated both as new interrupts

are encountered and as the taryget position is changed. A comparison of Figures
4A and 4B demonstrates the need to update the running horizon as greater inter-
rupts are encountered. Considering Figures 4B and 4C, it can be seen that the
effect of the maximum interrupt will vary for different target positions even
though the maximum jtself may remain the same. One should further note that,
as shown in Figure 5, the maximum interrupt is not necessarily the terrain
proTile with the highest elevation.

!’:*n-!;
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This procedure has several nice features. First, because it is not
necessary to draw a new profile for each target position, fewer steps are re-
quired. Further, it is not necessary to store all the elevations between the
3 observer and the target to determine whether line of sight exists. The ele-

- | vation of the current target position and the horizon effect are the only
;- values needed. This method can be extended to produce a full map, rather than
a single ray, greatly reducing the storage and compute time problems.
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B. Full Map.

(1) Radial Map. Now how can this one-dimensional algorithm
be expanded to two dimensTons? One approach would be to produce a radial
line-of-sight map, extending many profiles out from the observer. Certainly

if line-of-sight information can be produced for one ray as described in the
previous section, it would be a simple matter to project rays from the observer
at small equally-space angle increments, combine the results and produce a
two-dimensional map. With this method, however, the line-of-sight information
would be very closely spaced near the observer and more widely spaced farther
from the observer. As the profiles got further apart the likelihood of miss-
ing an important terrain feature would increase. Assuming, then, that evenly
spaced data is more desirable, another method must be devised to produce the
two-dimensional maps.

(2) Rectangular Map. As in the ray method the approach will
be to work from the observer out (i.e., from the observer eastward, then from
the observer westward), keeping track ef a running horizon. But this time in-
stead of having a running horizon point, there will be a south-to-north string
of running horizon points (a horizon scanline) sweeping outward from the ob-
server as the calculations are performed.

Remember, the map is actually a lattice of target spots. The goal
is to determine for each target spot the value that denotes how high a target
must be to be seen. Let HOWHI(i) be the height the ith target must be raised
to be seen. If the target height is less than HOWHI(i) it cannot be seen;
otherwise it can. The following sections describe a method for obtaining
describe a method for obtaining these HOWHI(i)'s. In order to reach this
goal one must continually keep up with HORIZON(i), the effect of the maximum
interrupt encountered between the observer and the current target position.

11
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Scans Closest to Observer

Because the plan is to work outward from the observer, the
first step is to perform calculations for the two target scanlines
closest to the observer. In checking for line of sight to the points
on these scans, the first iterations of the east-running horizon and
west-running horizon must also be formed. Figure 6 will help illustrate
this procedure. '

Consider the point 1R (as in Figure 6A). First determine how
high a target must be to be seen at position 1R. There are obviously no
terrain profile elevations between the observer and this point, so one
might automatically say HOWHI(1R) = 0. But if forests and urban areas
are to be considered a check must be made to determine whether such an
obstacle is located at 1R. If so, HOWHI(1R) = O + HVEG(1R) where HVEG
is the height of the obstacle. If the target height is less than HOWHI(1R),
a target at 1R cannot be seen and the appropriate symbol must be plotted.
But more must be done at this position. The running horizon value at 1R
must be determined. The highest elevation (vegetation and urban included)
encountered between the observer and 1R is simply the elevation at 1R
(there are no elevations given elsewhere) plus the obstacle height at 1R.
Thus, HORTZON (1R) = E(1R§ + HVEG(1R) where E(1R) is the terrain elevation
at 1R. A similar procedure for position 1L results in HOWHI(1L) =
0 + HVEG(1L) and HORIZOM(1L) = E (1L) + HVEG(1L).

Now consider the point 2R (as in Figure 6B). Determine the
maximum elevation encountered between the observer and position 2R. This
is the horizon value at (X,Y), i.e., Z, where Z is the linear interpolation
between the horizon at 1L and the horizon at 1R (See Appendix Bl for a dis-
cussion of the calculation of X,Y, & Z). Now project this Z value to the
position 2R, obtaining Z'(2R) (as described in Appendix B2). In order to
be seen, the target point must be higher than Z'(2R), so HOWHI(2R) =
Z'(2R)-E(2R). In addition the vegetation must be considered. To guarantee
the target is above the ground HOWHI(2R) must be the maximum of either
HVEG(ZR? or Z'(2R)-E(2R). Once HOWHI is determined the proper symbol is
plotted for this point. Now the horizon at 2R must be computed. The
horizon will simply be the maximum of (the projection of the old horizon
to 2R) and (the current elevation, vegetation/urban included).

That is, HORIZON(2R) = MAX (Z'(2R), E(2R) + HVEG(2R) )
Similarly, HOWHI(2L) = MAX (Z'(2L) - E(2L), HVEG(2L) )

and HORIZON(2L) = MAX (Z'(2L), E(2L) + HVEG(2L).
In general, for the ith point above the observer (See Figure 6C)

HOWHI(i) = MAX (Z'(i) - E (i), HVEG(i))
and HORIZON(i) = MAX (Z'(i), E(i) + HVEG(i)).

Points south of the observer should be handled in a manner similar to
those north of the observer, resulting in identical equations for HOWHI(i)
and HORIZON(1).
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Scans East of Observer

Consider scanline R2 in Figure 7A, consisting of points
(...0R,, 1R o» 2Ry, voo(n® 1)R , nRz) In order to obtain HOWHI's
2 for th1° 11ne, only tﬁe horizon va1ues for scanline R and the terrain
4 elevations for Scanline R, are needed. Working upward from the observer,
g the first target point to“consider is 1R,. Check the terrain elevation
g at 1R This must be compared with the éffect of the maximum interrupt
A encouﬁtered earlier (the horizon effect). The intersection of the
observer-target 1ine with the 1ine of known horizon values closest to
the target is at (X,Y). A linear interpolation between HORIZON(1R)
and HORIZON(OR) will provide Z, the horizon height at (X,Y). Project Z
to IR,, obtaining Z' (1R2) Then

HOJHI(lRZ) = MAX (Z'(1R2) - E(1R2). HVEG(IRZ))
and HORIZON (1R2) = MAX (Z'(1R2), E(1R2) + HVEG(le)).
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Similarly, using Figure 7B, the appropriate values for point
2R2 can be determined.

i ek N o PR gy

Figure 7C depicts a variation in this method. The observer-
target line intersection with the line of known horizon values closest
| to the target is not along line R, but rather at a point (X,Y) between
target points 2R and 2R2. In this case the HOWHI and HORIZON equations
are as follows:

HONHI(BRZ) = MAX(Z'(3R2) - E(3R2), HVEG(BRZ)).
HORIZON(BRZ) = MAX(Z‘3R2) + E(3R2) + HVEG(BRZ)).

Thus the intersection of the observer-target line with the closest
vertical horizon scan line is not necessarily the intersection of in-
terest. The explanation in Appendix Bl for deriving X, Y and Z takes
both of the cases into account.
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Scans West of Observer

In general, for points east of the observer

HOWHI(i) = MAX (Z'(i) - E(i), HVEG(i) )
HORIZON(i) = MAX (Z'(i), E(i) + HVEG(i) )

By simply reversing directions and starting with the horizon values
corresponding to scanline L (calculated while working with scans closest
to the observer) the same eguations are found to apply to points west

of the observer. Variations in the computation of values (X,Y,Z) in
determining horizon effects are all accounted for in Appendix Bl.
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Algorithm Qutine

In short, the map can be thought of as a lattice of equaily spaced
target positions. These are the points for which terrain elevations are
available and can be thought of as south-to-north strings of target
positions, or target scanlines. The following provides a general outline
of the flow of the algorithm:

FIND AND PLOT LINE OF SIGHT INFORMATION FOR SCANS CLOSEST TO OBSERVER,
WHILE CREATING ORIGINAL HORIZONS EAST AND WEST OF OBSERVER.

FOR SCANS FROM OBSERVER TO SIDE BOUNDARY (FIRST EASTWARD THEN
WESTWARD DO:

READ ELEVATIONS FOR SCAN OF INTEREST
FOR POINTS FROM OBSERVER NORTH THEN FROM OBSERVER SOUTH DO:

FIND INTERSECTION OF OBSERVER-TARGET LINE WITH HORIZON
LINE CLOSEST TO TARGET

INTERPOLATE BETWEEN KNOWN HORIZON VALUES TO OBTAIN HORIZON VALUE

PROJECT HORIZON VALUE TO CURRENT TARGET POSITION (TAKING INTO
ACCOUNT THE EFFECT OF EARTH CURVATURE)

COMPARE CURRENT ELEVATION WITH PROJECTED HORIZON TO DETERMINE
WHETHER LINE OF SIGHT EXISTS

UPDATE HORIZON VALUE
PLOT RESULTS

STOP

17

[REMRNTRIPINT™ . 7o 1 L

AR s Wl A LR - T sl




|

DA AL £ B o o (i) T ka it o it oL s eI T

3.2 Solution to Storage and Compute Time Prgblem.

A. Storage. The savings in storage requirements for the SEE-
FAR algorithm are considerable. The profile algorithm required all the
elevation data to be easily accessible, since many scans of data were
needed to produce each profile; the newer algorithm needs only the cur-
rent scanline of elevation data and the most recently updated horizon
information to perform the necessary computations. The amount of random
access memory required, then, is a function of the north-to-south di-
mension of the map rather than the area of the map. A map that is
100 x 50 kilometers in size would take no more main memory than a map
1 x 50 kilometers, given equal grid size. The nriginal algorithm would
have taken 100 times more storage. Maps that would have been virtually
impossible with the old algorithm are now quite possible. But if only
storage requirements are reduced, the reader may wonder whether the
machine time requirements would be prohibitive for production of these
larger maps. The savings in computing time resulting from this approach
must be considered.

B. Computing Time. As gentioned earlier, the original al-
gorithm required on the order of n” operations for an n x n sized map,
because each profile consists of many points, and each of these points
might have to be considered in a single line-of-sight calculation. The
newer algorithm, however, simply compares the current target elevation
with the horizon effect at the target point. Thus, a small fixed number
of calculations are required for egch target point on the map. This
algorithm is, then, of the order n® for an n x n map. For maps of larger
sizes the computing time savings will be considerable. It can in many
instances be the difference between a map reasonably produced and one so
expensive in computation cost that its value tozthe tactician or anlayst
cannot outweigh the expense. Ngte that since n® target points are in-
volved in an n x n map, order n“ is the minimum possible complexity. A
few examples of these differences are discussed in the following section.
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4. COMPARISON OF MAPS RESULTING FROM EACH ALGORITHM

4.1 Discussion. The LOSMAP and SEEFAR algorithms discussed are
quite different in nature. While each uses a method of linear inter-
polation tn get results, the intuitive method interpolates between known
alevations to get elevations along a profile, then checks to see if those
elevations interrupt line of sight. The dynamic prugramming approach,
on the other hand, keeps up with the effect of maximum interrupts en-
countered via the horizon array. A linear interpolation is made between
horizon values to find a projection of the horizon to a specific target
point. It is not surprising to discover the results of these methods
are not always the same. But, whiie the "intuitive" LOSMAP method de-
scribed uses interpolation and is therefore not an exact solution to the
Tine of sight probiem, it would be disappointing to find large discrep-
ancies in the results of the two approaches. One would certainly hope
the results of a new approach would conform somewhat to those of an
intuitive method.

As it turns out, the results are quite similar. In fact, very
close inspection is generally required to distinguish differences in
line-of-sight maps with one target height. It is easier to detect dif-
ferences when multiple target heights are used. The SEEFAR approach
might at one time indicate a target visible that the LOSMAP approach in-
dicated nonvisible. Another time the reverse situation might occur. In
general, however, the boundaries of in-view and out-of-view areas do not
differ widely between algorithms. It should be added that, while the
dynamic programming approach may not be the first to come to mind when
tackling the line-of-sight problem, it is a reasonable approach, one
certainly not counter to intuition. And the sayings in time and storage
cannot be ignored,

4.2 Sample Maps. The following pages will provide the reader an
opportunity to compare the results of the two algorithms.
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5. SUMMARY

1 5.1 Advantages of the SEEFAR Algorithm. The SEEFAR algorithm,

] then, provides a method for generating line-of-sight maps (and thereby

3 obtaining intervisibility data) for a much larger area or for a smaller
grid than could reasonably be provided using the LOSMAP algorithm. ,This
dynamic programming approach results in an order of complexity of n® for

an n x n map, which is the minimum that can be expected. Further, it
reduces the storage requirements such that only one scanline of elevation
data need be in memory at any one time. Thus, it is an order of magni-
tude better than the LOSMAP algorithm in both time and storage requirements.

5.2 The SEEFAR Program. Appendix Al contains a copy of the SEEFAR
program, an implementation of the algorithm discussed in this report.
1t should be noted that the algorithm discussion is concerned with the
basic approach to the Tine-of-sight problem. The SEEFAR program has
several embellishments. First, if an observer is in a forest/urban area,
and the proper option is selected, SEEFAR will attempt to move the ob-
server out of the ohstruction. Second, the ratio of visible-to-total
targets in a selected area of interest is given. Third, terrain data on
as many as 12 DMA tapes can be merged and put into a direct access file.
Finally, the HOWHI array, which indicates for every target position how
high the target must be raised to be seen by the selected observer, can
be saved on a permanent file. This allows one, through short fast-
running programs, to vary target heights or merge 1ine of sight data for

B Y T

“ several observers obtaining maps which indicate areas visible to m-out- f
g of-n observers (1- m - n). These m-out-of-n maps, or composite maps, ﬂ
; are done by a separate program now, but could easily be provided via 3

the SEEFAR program. 3

3 5.3 Problems Remaining. There are line-of-sight data requirements
i for which SEEFAR does not seem a viable alternative. For example, the
LOSPATH program, in use at AMSAA, checks along paths for Tine of sight.
To use SEEFAR for this problem one must generate a rectangular map con-
taining all the path points and then check for Tine of sight at appro-
priate points within the rectangle. Because SEEFAR builds on information
generated for all the points between the observer and the current target z
position, it does not seem optimal when target points are in scattered L
positions rather than at evenly spaced intervals within a rectangle of ’
interest.

S

TN T

The question of how much discrepancy to expect between the
LOSMAP and SEEFAR algorithms has not been determined analytically. This
may be of interest; but since each approach providas an interpolated
approximation to the line-of-sight problem, the value of such an analysis
is questionable.
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APPENDIX Al
SEEFAR PROGRAM

PRLAGRANL SCEFAR(ZINPUT, QUTPUT, TAPETsIHPUT, TAPCHeQUTPUT,

- TLPCT, TAPTES TAPLO TAPTL0 TAPZ1l, TAPELD,
“ TAPLI4s TAP_15, Talllos TAPILTy TAPFLE, TALPI19,
- T.PE2y TAPZ3

{ * TAPCL3)

y kX

3 LY DARLARA EROINE

1 PRUDNCES LING JF CICHT MuP IETNG DYLLLMIC PRUGRAMMING ALGORITHM,

LCI CATA (7T inais REAY) CAN BE ITORC O CITH "R L.TTR ifk,

Co.LCULAYES TRACTION OF (VISIBLL AfTn) £ (UN=VISIFEL Aada) JOF
FofTANLLL OF THTLURICT,

TAPLCLS HALDS PLOT DATa

TirCa  oLdd MEPSCD TURRAZN DATA

TAPL3 HOLDET IQUHI LnTa FOR FUTHOIRS NARS

TaPLS ICLDS CARD ZHPUT

TAPLE  HOLDS PRIMTED CUTPUT

ALL JTHIRD ARD Dilde TIORRAZYH ULTL TAPLS (PRI-=MENCGE)

LT R

OOO0OO0OOC T OoC 00

R Sarhe S

cUiiia oRIng,

C“LNWH /il W3R, YCRI, HNEZ, OBTRAl

CANEM Z7Ar "AZ XORIGH, YIRIGH, XITIP, YITOP

conpar SSCAYSZ MYy 1Y

cOnnan /PLYCTEZ MAPIDy CCLLZ, DPLTHT, PLTHT(LD), ICLS, IHK
CONMaN /BRZC/ AMAI (4)00)

COMNIMN ZASHITE/Z RHUN(ZOY, DLNIN

COHMON /7BOX/ Ra¥MINe BCuHAX: DAYHIH, PAVMAX, IDUA

COnN JOTHLRZIS IPNTEY, ITCTAYM, XMIHp NHAXs Yilllls YHAXs NTAPIC,
b TGhIDy ISAY:

Canray /veeldns Jvece

REAL  LIIOWHI(4000)

CUHNON 72T/ ZOLD (4000, ZHOU(4000), ZLATIR(4000)

Cell RONCHY

ok
PUT OMA ZLLVATICHS INTT DIRICT ACCLES £TLe (UNIT 2)
HONIFEY DOUMDARY COURDIHATET TU CORRLIFIND UITH ONA CCIRDINATL.,
CERPICD ARTERNIFR WHD TOID 188 TLIVATION (HU3S MOT ZhoLubion

*
L 4
*
o M oS« SR . el R b AR RN B! . MM o, i WL 32,

OCOoOOMN

.o

CALL NIRGIT(NTAPIC, TORID, GRINR, X 1INy YMAX, YMINy YiAX,
" Ny HV ORIGM. YIPIGH, NSTIP, YSTOR)
L CLLL YPUSIT(XIDZ,Y00S, (01THY)
3 UUTEAN = JLVOSSOXUDS, Y3E 85 NURIGH, YU 20k, GF. 20R)
¢ VEZTL(E, 9501 NRTRAN
; C ok
] C PLUT PECLININARY ZHFO, (ANIZy OBSIRVR COURDIHATESs ZTC)
5 ¢ PLLT LOT IHFU FCR SCANC CLOSCEST TO ODBIERMLR &
: C SAVI TOLD IN LHOWUMI = USE ZT AS 1ST ZOLD FOIR SCANHS WeST OF 135S 3
g c SAVD CLATER - USC IT AT 1ST ZOLD FOR SCANS LAST OF 08S,
3 E If SAVING HAP ON DISK, PUT PRILIMe IHFfe IN RIC 40C1=4CLl3 £ SAVE
@ ke
) ATCT = INTO(NILS=XORIGH4,00001)/6GHILI) * GRIDE ¢ XCRIGMN + GF IG2
3 CaLL FLTPRE(XNIN, XIIAX, YHIN, YHAX)
; IF (ICAVZ o£0y 1) CALL CAVPRI(ITATAY)
3 Chll PROTIH(ATGT, LHOUND, nauu:. ZC0LY)
5 Call PLTLHCLHIUNT, ICOLI=1, ZTCTAY)

b CALL PLFLICHGUIT, TCOLL, 2=634m)
: IFO(ICAVE oLQe ) CALL WRITHNZC(3,LUOUNICL), HYs ICOLI=L)
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200
C wwx

C AWk

300

400
450
C ik

C ik

500

60N

760
800

C ki

C ks
950

e
AN ey R TR
R VRIS AT SV S U LR
ahe L P T PR Cam

P (TEAVE .[d.-l) CALL URITHS(3, HOHHICL), NY, ICOLL)
f 200 T = 1, NY
LHOWHIC(I) = ZOLD(I)

COMTINUE
FILL OUHZ & PLOT 'FOR E4CH LINC EAST OF OBSCRVEP
ICOL2 = ICOLYl + 1
IF (ICOL2 «CTe HX) GO TO 450
{0 400 TCOL = TCIL2, NX
tn 300 =1, HY
ZOLD(I) = ZLATCR(I)
CUNTINUE
CALL REALHS(2, ZNOUCL), HY, ICUL)
CALL OHELN(ICIL, HOWHI)
CALL PLTLM(HOWHI, ICOLs ITGTAV)
IF (ISAVL +4£0, 1) CALL URITME(3, HOWHI(1)» NY, ZCOL)
CNNTTHUE
COHTZINUE
FILL NOUNI € PLOT FOR CACH LINE WLST OF OBSERVER

JCoLMe = LCOLL - 2
P (2COLN2 WLTer 1) GO TO £00
ICOL = ICOLLl - 1
po soC 2 o= 1, NY
ZLATIR(L) = LHOWHI(I)
CNNTINUE
DU 700 I = 1, ICOLMC
icoL = ICoL - 1
D 600 J = 1, NY
ZALD(J) = ZLATCR(Y)
CONTINUE U
CALL READMS(2, ZNUW(l), NY» ICOL)
CALL OHELN(ICOL, HOUHI)
CALL PLTLI(HOWHI, ICOLs» ITGTAV)
IF (IZAVE «EQe 1) CALL WRITHMS(3, HOWHI(1l), HY, ICOL)
CIMTTHUL
CONTINUL
TEOLDUX WMEe 0) CALL PRPRSH
CALL PLTPGE
STOF

FORNATS

FOLNAT (Y LLCVATION OF TERRAZH AT OBSERVIFR POSITION =9, FlQel)
CHL '
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SUBROUTINE DCDHAX { X» Ys NREC) 4
g C sk ’
: c BY MONTE COLEMAN
| € 4y RETURNS X AKD ¥ COORDINATCS FROH DATA TLECORD ALUNG WITH RECORD NO,
\ COMMON /DMACON/ TBUF(700), ITEHP(80), ITEM ‘
; . CATA XSCALEZ 1400 /» YSCALE / 1,00 ¢
, CALL UNPACK (IBUF, ITENP, 10) ]
MREC=ICVT(ITCNP (4)) 3) ~ ]
' Xs FLOKT{ICVT (ITEHP (715 2) J#RSCALL !
YaFLOAT(ICVTCITLMP (9),2) ) *YSCALE ;
RETURM - ]
EMD
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SUBKOUTZNE DCTID (ISHs ISERs IEDs XCOPR» YCOUR)

(o]
*
*
»

BY MONTE COLEMAN

DECODES A TAPE ID BLOCK

ISH = MAP SHEET IDENTIFICATIOM
ISER = HAP CERIES IDENTIFICATION
IED = MAP EDITION IDENTIFICATION
CORHERT IN ORDCR Su, Hil» HE» SE

CONKON /DHACON/ IBUF(700), ITENP(80), ITEM
DIMENCION  XCOR(4), YCOR(4), IS5H(2)
‘ CALL UNPACK (IBUF, ITEHP, 708)
t CALL UDTATR (ITENP(T7), 12)
! CALL PACK (ITUMP(7)y ISH, 12)
; LECRaICVTIITENP(AT), &)
: IEDsICVTLITENP(T73), 6)
‘ -YCs=l0
z IYCe2l
DU 100 I= 1,4
YCORAI)wTLOATAICVTLITENP(INC)»6) ) eXECALL
YCOR(I)sFLOATCICVTUITCHP(IVC) 563 )#YSCALL
IXCsIXCel2
IYC=IYC+l2
100 CONTINUL
RLUTUPN ‘
DﬁgA RSCALD /7 1400 /, YICALE ¢ 1400 /
tt
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i
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FUNCTION ELVUBS(XORL, YUBS, XORIGH, YORICH, CFINE)

C wkk
; c BY BARBARA BRUUNE
: ¢ FINDS THC OLSCRVIR vLLwATION
! ( wkm
; C
M C (X" Y2, 00 (x33Y3,703)
A C (XIORLsY2UP)
¢ Yoovusssetesnsrtrcesorrenaneet
s,:‘ C [ ] .
[ C o .
c . .
; c . .
C . (MULS, YL T CLYOES) .
\ C ] + .
! c [ ] .
ﬁ C [ ] [
i C . .
»\ C [ Y Y
c 1 -
: C *avevsneasaseettessastnoecnensn®
¥ C (AODZ, Y2 DOUNY
p C (YloYls2Z1l) (lhaYa,7 %)
; C
" C hE%
i CINLHETUN RLTSChCa00m)
REAL LTTSCH{4000)
3 CONNNL Z2SCANS, N 11y
i ILCET & INTO(XORS = YJORIGH 4 Jou0L) 4 CPINR) + 1
? IFRICMT & ILCFT + 1
M TRCLUY = ZETU(YORT = VYORIGH + (0200.) 4 GiLIDR) ¢+ 1
b TLEOVE = TULLOW + 1
> G Hwk
3 1 s YORIGH + (ILLPT = 1) * GRIDRK
3 %2 = )L
: %3 w YIGH ¢ (ZRIGHT « 1) % GRIDR
o’ X4 = Y2
o C Aok ot
!@ Y1 = YJRIGH + (IBLLUU = 2) % GRIDN
j Yo = YORIGH ¢ (ZACDYC = L) % GRIDR
3 Y3 = Y2
, Yo = Y
i C ok
; CALL PuaDIIS(2, LFETICH(LYy Yy TLIFTY
: CALL PTaDNE(2y ETSCNEZ)s HYs IRIGHT)
] € ®wxk
¥ ‘ Z1 = LEToCeIniLom
: 21 = 71 = TVEG(ZL)
g 22 = LFTICH{TABOVE)
72 = 22 = TUCG(T?)
‘ 23 @« ETSCIZALIVEY
A I3 = 23 = TVEG(ZR)
4 Z4 = RTSCNCILILOD
; Z6 = 24 = TVEG(T4)
g C Wk
g DOV = Z1 4 ({5008 = VIY/Z6ETTERY % (o4=-C320
[
A-6




¢ ELVOBS = DDYN # ((YOBS=Y1)/GRIDR) * (UP=DOWN)

RETURN
END

UP = Z2 ¢ ((XOBS=X2)/GRIDR) ¢ (Z3~22) | 1
!
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SUBKDUTIME FTRTATR (ThAst)

C %k

o BY MUMTEL COLENAN

o COMVERTS FICLD DATA CHARACTERS TO LISPLAY CUDC

C wdw

DIRENELON IA(L)s IB(64)
DO 10 Tal,d
JeTA(I)e¢l
IA(Z)Y=ID ()
100 CoITINNE

. RETURH
; ‘ ¢ FILLD DATA TO DISPLAY CODE TABLL
f uUhTh 0 /7 O0r 4% 50r Vs 02 &5 2o 2
) * 30 4 Si 6y T 3ds 9 lus
. = 1., 12, 12 14, 1%, 1lUs 17, 1%
L 10, 205 21, 2 23, 24, ¥ 26,
X " 42y 38, 37 By 44y T )y 43y
; * 3% 4L, Sy O  0r s 4Ly Qp
¥ - &7 LG 29, 30, 3L, 32 30
X - 30y 36y T2» 04 4 47, 0, O/
[ gp
J
4
P
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SUBRNUTINE FRCSCHIXTGT, YTGT» IFGSYH)

C hwak
C FY GARBARA BRUOME
C GLTS HUMERATOR AND DEMOMINATOR FOR CALCULATING FRACTION OF KWREA
c OF INTCREST. SEEN BY OBSCNYVER = CONSIDERING VARIOUS TARGET HEIGHTS
¢ wkk
COMMOM /PLTSTF/ HAPID, SCALEs MNPLTHT, PLTHT{10), IDBS, INK
CUNMON /ASNETE/ RHUM(101, DEHOM
connan /BoX/ BIXHNINs BUXHAX, BOYHIN, BOYMAXs IBOX
) C &%k
: o . IF YOU AREN'T IN ARLA OF INTZREST, DON'T DU AMYTHIHG = JUST PLTURN
1‘ C ke . .
. IF ({NTGTY .LT.- LAYMIt) +UORe (XTCT oCTe DOXMAX) aUPe
g - ** (YTGT oLTe: BOYMZIN) oORe (YTGT oGT. BOYMAX)) RLTUEN
i _m
; g s YT YOU CAN'T SCE ANY TARGETS» ADD 1 TD DUMDMINATUR THUM RUTURN
% T (ITGTYM «GTe HPLTHT) DCNON = DLHOM + 1
& IF (ITGSYM «GTs WPLTHT) RETURN
& C &
i c THCRZASC NUNERATIP FOR CAC!t TARGET [ILIGHT THAY CAM BF StEH,
3 C INCREACE OLHONINATORs THEN RUTURN 1
§ C ko )
g PO 100 I = IFGSYMy NPLTHT 3
2 RHUMCIY » RHUM(I) + 1
100 CONTINNE
DEHOM = DoNCH + 1
FETURM
chiD

I P L SR
KEM’“,K.*.«)’._»—:_V;‘;,‘L SRR A L

Laoi=2 BT 10 wpiarpiay e

PO g e e 8 Vet 7 LoV a2 T M 10 el e a0




c
C
’."j c **‘
)
L'.
%
¢
¢
' ¢
?‘: C Wk
A
C ek
c
C ok
C ,kx%
!
:
:
N
E“‘ ¢ %
!l‘
l\. ¢ wkxk
p C #kok
4
|
ﬁ - 100
4 ¢
ﬁ C
J C %%
g
A A

ke

Lk £h o

SUGRUDTINE FPSTIM(XTCT, LHOWHI, HOWHI, ICULL)

RY BARBARA BRNOME
CALCULATES HOUWNI FOR JCANS CLOSEST TU OBSERVER

COMNOY /257 ZOLD(4000)s ZMOMN(4000), JLATIE(4000)
COMMIN /AREAZ XORIGHs YURIGH» XSTOP, YSTOP
cofnon /SCE/ X0BSy YUOBZ» HUBI, OBTRAMN

COMHON 2SCANS/HI, Y

COHMOM  GRIDF

PIMSNTTION  HOWHo(L)

FEAL  LHOUHI(L)

FIND SCANS CLASCIT TO ODSERVLR, LITT I5 ZOLD, RIGHT If ZMOV

SCOLL = INT((XODS = XORIGH + 400001) / GRIDR) + 2
CALL README(Z, ZNOWU(L), 'Y, ICOLL)
CALL READHS(2, ZD(1), HY, ICOL1=1)

FIMD HOJHI (O PTCe o DOVE OLSLPVER M GOTH SCANE

Fif 5T THO

ITGTL = INT((YURS = YIRICH + ,00001) 7/ GRIDR) + 2 ‘

TP (ITGTL «CTe HY) GU TU 120 1

YTGT « YORLICGN + tICOLL = 1) * GRIDI

YTGT = YORICH ¢ (LTGTL = 1) * GRIDR

HOWHICITGTL) = INTCTUCC(SHAMCITOTL)Y)

ZLATER(ITCTL) = INT(ZHOM(ITGTL)) .

LHOUHZI(ITOTZ) w IHTCTVECCZILD(ITCTL))) ’

7OLDEITCTL) = INT(ZOLD(ITCTL)) ‘

ITGTPL = ITCTL + 1

IF (ITGTPY (GTe MNY) GO TO 2%

XTGT = YTCT =~ GRIDR o '

ALL OTHCRS

DU 190 ITGT = ITGTPLs hY d
YTCT = YTGT + CRIDR o

PICHT F OBCERVER j
YTCT = XTGT + CLIDL .
IP = ZPRINI(YTCTy VYTGTs ITGTs Z2ULLs SLATER) ;
HOUHICLTCT) = ZP = ZHOUCITOTY + TVEC(ZMOW(ITGT)) !
CYVEG = INTOTVEGEZNOM(ITCTY)) y
HOUHZ CITGT) w LMAYZCHOWIZCITGT), CTVLG) .
LZNOY = LHTCZHOWEITET)) ;A
ZLATCPIITGTY = AMAXL(ZP, LZNHOW) -

LLFT OF OBSCPVLR -
YTGT = XTGT = GEIDI
IP = ZPRINCAXTGTs YTOTs ITGT, ZLATER, 20LN)
LHOWMICITOT) = ZP = (Z0LD(ITGT) = TVLC(Z0L(ITGT)))

CTVEG = IHTUTYEGLZOLD(IYET))) |
LHOWHICITOTY = ANANLOLHIVHICITOT), CTVEG) L
L70LD = IHT(70LDCITGT)) i y
JOLDCITCTY = AMAX1(ZP» LZULD) B
CMTINUE K

FIND HOUHI FOF P78e BELUYW OR LEVEL UITH OFSe UN DBOTH SCAMS P

A-10
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FFIEST TUU

(TCTHL » ITCTL = 1

YTCT = XORIOM ¢ (ICULL = 1) = GRIDK
YTGT = YORIGM « (ITGTHL = 1) * GRIDR
POINTS HORIZOMTAL TO UBSes IF THEY [XIST

IF (ABS(YTCT = YIBS) «GTe «00001) GN TO 150

HOVHTICITOTHL) = IHT(TVEG(ZHOW(ITGTM1)})
ZLATLRCITOTHLY = ITHT(ZHOUCITGTHL))
LHOUHI(ITGTRL) = INT(TVEG(ZOLD(ITETIILIN)
ZULD(ITGTHL) & INT(ZOLD(ITGTHM1))

ITOGTHL = ITGTHL = 1

XTGT = YORI(M + (XCOLL - 1) * GRIDR

YTCT = YORICN ¢ (ITGT!I1 =~ 1) * GRIDPR

el M MRS AR

M)
FIn
HOM

(ITGTHL «LTs 1} GU TO 300
ST THWO BeLOuW
HICZTOTHL) » ZHTCTVEC(ZNIUCITGTIIZGG)

ZUATCRPUITGTIL) = INT(ZHOW(ITCTHL))

LHO
<0L
ITC
Y6
bANY
IF

Ll
ou

2 [IG

LLF

ATVEG & CHTITUYEG(ZILD(TITET)))

(W
rrh

HHICITGTIILY = INT(TVCG(ZOLN(ITGTHII )
DLITOTHL)Y = THT(ZOLD(ZTGTIILY )
TH = ITCTHI =~ 1
T = ITGTHL
T = XTCT = CFIDR
(ITFPTM2 (LT« 1) GO TU 300
OTAERS
200 J = 1, ITGTHZ
ITCT = ITGT ~ 1
YTCT = YTCT =~ CRIDR
HT OF gnesgrven
YYCT = YT6T + GRIDL
2P w IPRIME(XTGTs YTGTs LTCT» ZOLDy ZLATER)
HuwHI(ITCT) w TP = (ZHOU(ITOTY =~ TVEG(ZHOW(ITGTY))
TULG = MTITYLCOZLOEITETY )Y
HUHH (ITCT) = AHAXl(HﬂUH*(ITGT): LTVLG)
CZNOW = IMTOZHONCITOT))
SLATUREITOT) = AMAYL (LP’ uZHUU)
T OF DBESCRVLE
XTCT = ¥7GT =~ GRIDR
P o= IPRINCAYTOY, YTOTs ITAT, ZLATLRs ZOLD)
LHMIMTLITCTY = I = (ZOLDCLITOTY - TUYLG(ZOLD(ITGTY))

LHOUDICITAT) = AHAXLCLUWHICITGTY, CTVIG)
LZOLD = JHTCZOLDCITOGTI)

ZOLDCITCT) « AHANL(IP, LIOLDY

CONTINOE

TURN

A-11




SUBROUTINE GOZINZ2(RLITLsBIGHLITNAM,BIGNAM)

BY 6ARBARA AROOME

MAKES SURE RLITL GOES INTO BIG (WITH ND REMAIMDER), ‘
. LITNAM = 'RLITL': BIGNAM = 'BIGY, 3
* ‘ i

IF (CAINT(BIG/RLITL)*RLITL) oNEe BIG) WRITE(6,1uv)

BIGNAMJLITNAMSBIGNAM)BIG,LITHAM,RLITL

IF (CAINT(BIG/RLITL)®RLITL) (NE. BIG) STOP

RETURN
i 100 FORMAT{1X, A6, ' SHOULD BE DIVISIBLEC BY ', AGs /»
* 1Xs A6y ' = 1, F1l043, /y '
* 1Xs Abs ' = ¥, F10,3) ' :
END :

k%

OO0
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FUNCTION ICVT (IBUF, N}
C *#s
¢ BY MONTE COLEMAN
C RETURNS INTERNAL INTEGER VALUE ASSOCIATED WITH N 6-BIT BYTCS 1
C STORED ONE PER WORD IN ARRAY IBUF, g
C *¥ak :
DIMENSION IBUF(1) g
INTEGER SHIFT :
IF (N «GT« 10) G3 TO 200 )
ITEMeO

DO 100 I=1,N

ITEM=SHIFT(ITEM»6) 4OR,IBUF(])
100 CONTINUE

(o]
.

ICVT=ITEN ©
RETURN A
: C §
f 200 PRINT 210, N o
3 STOP . S
3 210 FORMAT (' ICVT/ERROReeeesLARGE N» N=', 110) 1
g END i
ke . :
E :
; :
: o
N : 1
!
i i
[ a
. f *
Efﬁ : 3
4 ;
( i
4 .é
5‘
!
P :
¥

T B
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SUBROUTINE IMNMX{IVALUE, IMIN,IMAXp, VALNAH, MINMA1, MAXMNAM)

C ¢
c BY BARBARA BROOGHE %
c MAKES SURE IMIN IS LESS THAN IVALUE IS LESS THAN IMAX,
c VALNAN = ¢IVALUEY, MINNAM = 'IMIN', MAXNAM = ¢ IMAXY, ;
C *bd E
IF {IVALUE oLEes IMIN) WRITE(6s1CG0) VALNAM,MINNAM, VALMNAM, s
% IVALUL, HIKMAM, IMIN 3
IF (IVALUE +GEs IMAX) WRITE(62200) VALNAM» MAXNAM, VALNAM, ’
* IVALUE, MAXMNAMSI MAX i
IF (IVALUE .LE. IMIN) STOP K|
;! IF (IVALUE +GE. IMAX) STOP .
] RETURN ' a
: 10V FORMAT(1Xs A20,' SHOULD BE GREATER THAN ', A2..,/,
: * 1Xs, A20s0 = ¥, 110, /s .
: . 1Xs A20,% = %, I1D) ]
4 200 FORMAT(1X» A20,% SHOULD BE LESS THAN 1, A20sl, Pt
g & ’ 1Xy A20s% = 8, 110, /» :
" L 1Xs A20,% = v, I10) '
: END L
o
3 I
¥ i
:
? :
f i
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FUNCTLION LFRACTIZ,K)

C

C BY ARTHUR GROVES

¢ THIS FUNCTION RETURNS TEN TIMES THE FRACTIONAL PART OF ThE
C

¢

K=-TH (OF THREE) ELEVATIONS PACKED INTD THE WORD Z.

L X i

AsAINT(Z)

Cuh

IF(K EQe1IGATND 1

AsLQUUUe* (Z=A)

CsAINT(A)

IF(KLEQe2)60TI &

Cx10000e*(A=C)
; CsAINTIC)
2 1 Cesel*C + L0001
> AsC=~AINT(C)
- Be=e05
3 DO 2 Isls4 '
:" BuB4el
( IF(A«GT,8)60TD 2
5 LFRACT=I-1 |
' RETURN 3
N 2 CONTINUE o
p END ¢
‘1
1 3 ]
] a “
: D)
E;? A
J’ E.
y i
L.,
3
N
4
i
[
! A-15
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FUNCTION LOCATE(X,»X0,G3

C

c BY ARTHUR GROVES . _

C THIS FUNCTION RETURMS THE NUMBER OF GRID POINTS WHDI, GFDINATLS ;
¢ ARE LESS THAN OR EQUAL TO X, XO (INPUT) IS THE IRDINaTe OF THE

C FIRST GRID POINT» AND G (INPUT) IS THE SPACING BETWELN GRID PUIMTS

¢

LOCATEwAINT({X=X0} 7G+1 )
RETURN
END

T T e ——Ty —
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SUBROUTINE MERGIT(NTAPESs TGRID, GRIDR, XMINs» XNAXs YHINs YMAXsNX,
NYs XORIGNs, YORIGNs XSTOP» YSTCF)

8Y ARTHUR GROVES AND BARSARA BROONE
HERGE UP TO 12 DMA TAPESe ELEVATIGNS G50 IN DIRECT ACCESS ARRAY,

DIMENSION MINDEX(4GDL)

DINENSION BUF{40CU)

DINENSION L(12)s XOU(l2)y YG(12)» REEOOO§» XC(4), YC(4)

DIMENSION XL(1Z,5)oYL{1Zs 5D, iCHMLL)aYCM(HY»C(4)

CGMMON FVEGIND/ JVEG

DATA (C(1)95.106)1'50U7HHEST‘0'NURTHHEST' "NURTHEAST® ) *SOUTHEAST ¢/
CALL OPENAS(2, MINDEX, 4001, V)

COMPUTE THINKING COWSTVANT

ISKIP e AINT(GRIDR/TGRID ¢+ 51}
IBIG = 1UUD00OLOGO

READ HEADER RECORDS+ CUMPUTE INDIVIDUAL AND COMBINED TAPE START

XSTART « 1300000000,
YSTART = 1000000000,
DO 1uL IsLyNTAPES
K®sleob ~ '
IF (I «6Te ©) K &« I + 7
CALL RDDATAL K, ICODE)
CALL RTYPRC(ICOD: 1)
CALL DCTID(ISH, ISERs» IEDs XC» YC)
DJ 50 Nsly¢
XLULpN)wXCIN)
YLOI:HImYCEN)
CONT INVE o ¢
XLEI,5)eXCUL)
YLEZ,5)mYC (1)
XO0(I) & AHINL{XCEL), XC(2
¥YN(I) = AMINL{YC(l)» tha
XSTART w AMINL(XSTART,
YSTART = AMINL{YSTARY, vo
CALL RDDATA{Ky 1CODE)
CALL RTYPRC{ICODE, 2) ]
Lty = O 1)
CONTINUE i

e P L B A M > A E U Bt s . o i it ot e, et G oA oo v T
i ol e za " ; . - . . o -

))
))
(1))
(1

CHECK TO SEE IF EACH CORNER OF THE AREA TO BE MERGED
IS ON ONE OF THE TAPES,

XCH{1l}wXHIN
XCH{2) ~XNIN
XCH{3)uXHAY
XCM {4 )= XHAX
YCM(1) =YHIN
TCM{2) »YRAX
YCH(3)w YHAX
YCM(4) »YMIN
HCOTeg

D0 175 Kelok




A SR

D0 130 1=1,NTAPES
NOGR=Q
00 125 Nel,é :
DuXCHMIK)ISLYLIISN)=YLLIoN+1))
$ =YCM(KY®(XL(IsN)=XL(IoN+1))
s =XLLI)N4LI*YLUToND XL (T, NISYLIoNL)
IF(DeLE«Oe INOR®NOR+1
12% CONTINUE
IF{NOR,EQe4)GOTO 175
+ 50 CORTINUE
NCOTeNCOTel
WRITE(6,40)C(K)

175 CONTY INUE
C k¢

g wor COMPUTE' Y COORDINATE OF 1ST POINT ON EACH MERGED SCAN LINE
Y & YSTART = TGRID

DO 20C I=l,IBIG
IF ((Y oJLEs YMIN) oANDe (Y*TGRID ,GTs YMIN)) GO TO 300

Y = Y ¢ TGRID

200 CONTINUE
300 YORIGH w» Y

ISAVE = | =]

eus COMPUTE HUMBER OF POINTS ON EACH MERGED SCAN LIN
DO 4UL I=2,1B16 | f
Y « Y ¢ GRIDR ‘
IF {{Y-GRIDP olLie YMAX) <ANDs (Y oGT, YMAX)) GO TQ SUs

[
|
|
|
1

ik

[2 X ol o]

400 CONTINUE i
500 NY = [ .
C w%
g . SET UP LOOF TO CYCLE THROUGH INCREASING VALUES OF X ‘

X = XGTART = TGRID
XLAST » XSTART =~ GRIDR

HX = o
DO 900 I=1lsI816 |
JIM = O 1
X « X + TGRID ]
IF (X «GTe XMAX+GRIDR) 60 TO 1luoud .
C #kx% .
C CYCLE THRU THE TAPES PICKING OFF DATA FROM EACH TAPE !
g s THAT CORRE3PONDS TQ THE CURR3NT VALUE GOF X i
DI 800 Jul,NTAPES ‘g
K=sJg « 6
IF {J «GTe 6) K = J 4+ 7
IF ({X oLTe XO(J)=el) ¢ORe (LCJDeENGL)) GO TO 632 {
CALL RODATA(K, 1CODE) {
IF ((ICODEJNEYEUF') (ANDs (ICUDESNES'CNI'}) GO TU by %
L(J) = 3 .
GO TO 800 %
600 IF (ICUDE +EQe 'DATAY) GO TO 700

IUNIY « J + 6
WRITE(6,10) IUNIT
stoe




730 IF ({XeLTeXMIN=TGRID) IRe (X=XLASTeLT4GPIDR=14))GO TO ov.
JIN = ]
CALL DCDMAX{XX» YYs NREC)
Iy = YY
Mo AINTUL(YOUJ)=YSTART}/TGRID + 1)
"CALL STDATA(R,H+1Y+1,8000,JdVEG)
. Ol CJUNTINUE
C ok
[ C THIN AND RECORD THE cZLEVATION DATA FOR THIS SCAN LINE,
i C COMPUTE HUHBER DF SCANS AND X OPIGIN OF MERGED DATA,
C ww%

IF (JIM +EQe ) GO TO 90U 1
HX = NX ¢+ 1 . . ’
IF (NX +EQ. 1) XORIGN = X 1
V XLAST = X
: HSAVE = ISAVE + (HY=1)SISKIP
i ICOUNT =}
L DD 850 JsISAVEs, NSAVE, ISKIP a
‘ BUF(ICOUNT) = R(J) )
ICOUNT = ICOUNT « 1
850 CAONTINUE
CALL WRITHS(2, BUF{1l)» HNY, NX)

ol CONTINUL G
C &k
: C WRITE IDENTIFYING DATA FOP MERGED TAPE
k C %%
. UL XSTUP = XORIGN ¢ GRTIDR*FLOATINX=-1)
t YSTOP = YORIGN + GRIDR®FLOAT(NY=1)
L WRITE(Gs20) MX» NYs XORIGN, YORIGN, XSTOP» YSTOP» GRIDR
RETURH

i

P‘ C :
1 c FORMATS %
C xsk ' ‘
10 FORMAT (' S'IMETHING NUN-STANDARD ABOUT RECORD FORMAT ON UNITY, I1.) i
20 FORNAT(//s ' MERGED ARRAYY, /, i
NUMBER OF SCAN LINES af, 1us/s
" {lUNBER OF PDINTS PER SCAN LINE =t (1usls :
* X COORDINATE OF FIRST SCAN LINE =t, FLOWLs /s
* Y COORDINATE OF FIRST POINT ON EACH SCAN LINE w'pFluel,/, J
' X COORDINATE OF LAST SCAN LINE =%, Fliois/s
" Y COORDINATC OF LAST POINT ON EACH SCAN LINC =% F104ls/,
' ARRAY GRID =, Flusl) ]
30 FORNAT(//, ¢ RECORDY, 110, /4 o
s (v % 10F74.))
40 FORMAT(/1XsA10, 'CORNER OF ARCA NNT ON ANY TAPEL = RUN ABORTED

*elo o
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SUBROUTINE ONELN(ICOL, HOWHI)

BY BARBARA BROOME
GIVEN ARRAYS Z0OLD (MAX PREVIOUS INTERRUPT) & ZNOQw (CURRENT DMA
ELEVATIONS PLUS VEGETATION HEIGHT AND VEGiTATION CODE)
CALCULATES FOR ONE SCAN HOW HIGH TGT MUST Be RAISED TO BF
. SEEN & UPDATED MAX INTERRUPT (ZLATER).

COMMON /2S/ ZOLD(4000), INOW(4000), ZLATCR(4uiv)
COMMON /AREA/ XORIGN, YORIGN, XSTOP, YSTOP j
COMMON /SEE/ XOBS, YOBS, HNBS, QBTRAM !
COMMON /SCANS/ NX» NY !
COMMON GRIDR
DIMENSION HOWHI(1)

SPECIAL CASEt OBSERVER ON A SCAN LINE
kb

% XTGT = XORIGN ¢ (ICOL = 1) * GRIDR
. IF (ABS{XTGT = (XOBS=GRIDPR)) 4GTe +0UOVi) GO TO
! ITGTL e INT(({YOBS - YORIGN + +UCUOl) / GRIDR) +
f YTGT = YORIGN + (ITGT1 = 1) * GRIDR
ITGTHL = ITGTL -1
ITGTHZ = ITGTL =~ 2
IF (ITGT1 LGT, NY) GO TN 25
HOWHI(ITGT1) = INT(TVEG(ZNOW(ITGT1)))
ZLATER(ITGT1) = INT(ZNOW(ITGT1))
25 IF (ITGTMLl +LT. 1) GO TO 50
HOWHI(ITGTHL) = INT(TVEG(ZNOW(ITGTHL)))
ZLATER(ITGTM1) = INT(ZNOW(ITGTML))
IF (ITGTH2 LT« 1) GO TO 50
IF (ABS(YTGT = (YOBS+GRIDR)) +GTs +GUOLL) GO TO Su
HOWHICITGTM2) = INT(TVEG(ZNOW(ITGTM2)))
eyy LLATERUITGTHZ) = INT(ZNOW(ITGTHZ))
c
C POINTS ABOVE OBSERVER
C whe
50 ITGTL » INT{(YDBS = YORIGN + «0COULL) / GRIDR) + 2
. IF (ABSU{XTGT = (XDBS=GRIDR)) oLTes «w0OGLL) ITGT. = ITGT. + .
K XTGT « XORIGN + (ICOL = 1) * GRIDR
E? YTGT « YORIGN ¢ (ITGT1 - 1) # GRIDR

L L L

1
]
!
4
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IF (ITGTL +GTe NY) GO TO 150 |
= DO 100 ITGT = ITGT1, NY !
{ ZP e ZPRIME(XTGTs YTGTs ITGT: ZOLD» ZLATZR)
L HOWHI(ITGT) o ZP = (ZHOW(ITGT) = TVEG(ZNOW(ITGT)))
: ETVEG = INT(TVEG(INOW(ITGT)))
: HOWHI(ITGT) = AMAX1{HOWHI(ITGT), CTVEG)
g EZNOW = INT(ZNOW(ITGT))
| : ILATERCITGT) = AMAX1(ZP, EINOW)
YTGT = YTGT « GRIDR

160 CONTINUE
. C s
3 ‘ C POINTS BELOW DBSERVER
" C *%ak
| 150 ITGTML = ITGTL - 1 -
3 IF (ABS(XTGT - (XOBS=GRIDFP)) LT+ ,00001) ITGTML = ITGT. - 3
i‘ YTGT = YORIGN + (ITGTML = 1) % GRIDR

g A-20
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IF (ABS(YTGT = (YOBS=GRIDR)) +LT. 400001) ITGTML = ITGTL - &
IF (ITGTNL LT, 1) GO TO 300
ITGT = ITGTML ¢ 1
, YTGT » YORIGN ¢ (ITGT = 1) ¢ GRIDR
) D0 200 I » 1, ITGTAL
] ITGT o ITGT = 1
] YTGT & YTGT = GRIDR
2P = ZPRIME(XTGTs, YTGT, ITGT, ZOLD, ZLATER) %
1

HOWHI(ITGT) = ZP = (ZNOW(ITGT) =~ TVEG(ZNOW(ITGT))}

ETVEG » INT(TVEG(ZNON(ITGT)))

1 HOWHI(ITGT) = AMAX1(HOWHI{ITGT), ETVEG) ;
EZNOW = INT(ZNOW(ITGT)) 1
ZLATERCITGT) = AMAX1(2ZP, EZNOW) . : .

200  CONTINUE )

300 RETURN

END

AR paoagE

o

5
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SUBROUTINE PLTICS(IXRYAX, BOTRLF, START) STIP)

*
-«
*

BY ARTHUR GROVES AND BARBARA BRODAMC

THIS ROUTINE PUTS LARGER T1C MARKS ALONG AN AXIS

IXRYAX = INDICATES WHETHEK MARKING X= QR YwAXIS (1 =X , ,=Y)

BATRLT = GIVES THE BOTTNH OR LEFT (DEDEHDINMG ON IXRYAX) T
IF IXRYAX=8, GIVES BOTTOM; ZLST GIVLC LV FT

START = STARTING CIORDINATL e X IC

stae - STOPPING COORCILATL Wi AXIS

DO OOOOO0O

LA L)

DIMENSION EKSL2)» WYL(2)
k¥

TO LABEL X-AXIS

[sNaNe!

o
IF (IXRYAX #EQe i) GU TD 2u.
: WYE(i) = BOTRLF
! WYE(2) = BOTRLF + 60,
; 0N 10C I = 1s 1000
. EKS(L) @ START & lOLue“FLNAT(I=.)
| LKS(2) = EKS(1)
; IF ((EKS(1)=5TOP) «GT, S5us) FETURY
CALL PLTOTS(L, Us EKS» WYy o o)
Lo CONTINUE
F.cTURN
: C wé4
g C T LABLL Y=AXIS
: C k&
f 2uv EKS(1) = RQTRLF
CKS(2) = ROTRLF + 60,
DU 300 I = 1, 1400
WYE(L) & START 4 1ULuo*FL JAT(I=.)
WYD(2) = WYC(1)
IF ({WYE(2)=5TOP) oGTW 554 FITURG
CALL PLTDTS(Ls U» EKS» UYL, 24 1)
3uy CINTINUE
RE TURH
CNp

ks

s

G-
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SUBROUTINE PLTLN(HOWHI, ICOL, ITGTAV)

BY BARBARA BROIOME
PLOTS ONE SCAN LINE OF HOWHI'S (ODD COLUMNS UP OTHERS DOWN)
IF KEEPING UP WITH FRACo. OF BOX SEENs CALL NEC. SUBROUTINg

DIMENSION XPLOT{2)» YPLOT(2)

DIMENSION SYMBOL(10)

OIMENS ION HOWHI(4COV)

COMMON 725/ 20LD(40U0), ZINOW(4QU0), ZLATER(4GUV)

COMMON /AREA/ XORIGN» YORIGN, XSTNPs, YSTOP

COMMON /SCANS/ HX» NY

COMMON GRIDR

COMMON /PLTSTF/ MAPIDs» SCALEs» NPLTHTs PLTHT(10), INBS, INK

CJOMMON /B0OX/ BOXMIN, BOXMAX, BOYMINs BOYMAX, IBOX

DATA SYMBOL /9438, />0, Vkdt, WA>Y, IB>0, ICO1, DX, VE>, 1F>y,
=2/

SCLCNV = SCALEZ1OU.

HIGH = (458GRIDR

WIDE = ,28C8%GRIDR

SIZE = ,9%GRIDR /7 SCLCNV

D = 5&«GRIDR

IF(MOD(ICOL, 2) +EQe () D = =D

XTGT = XORIGN + (ICOL~-1)%GRIDR

IF (NPLTHT oLEs 1) GO TO 400

CASE 1% MULTIPLE TARGET HEIGHTS
GIVEN SCAN OF HOWHI'S, FIGURE (FOR EACH Y) WHICH SYMBOL T3 PLOT
AND PLOT IT

DO 300 I = i, NY
IF (MOD(ICOL, 2) oEQe 1) J = [
IF (MODCICOL, 2) «EQe O) J s NY =T + 1
YTGT » YORIGN + (J=1)#%GRIDR -
DO 100 IFGSYHR = i, NPLTHT
IF (ITGTAV +EQe 1) HOWHI(J) = HOWHI(J) -

* INT(TVEG(ZNOW(J)))
IF (HOWHI(J) oLEe PLTHT(IFGSYM)) GO TO 201
lyv CONTINUE
IFGSYN = 11
200 IF(IFGSYM oGTe 1) CALL PLTSYM(SIZc, SYMBOL(IFGSYM=1)y ve»
* XTGT=WIDEs YTGT=HIGH)
IF (IBOX oNEs C©) CALL FRCSEM(XTGT, YTGT» IFGSYM)
300 CONTINUE
RETURN
ik

kb
«0C

CASE 2% YES/NN MAP (DONL TAPRGET HEIGHT)
XPLOT(1)E(2) AMD YPLOT(i)&(2) HOLD START/STAP OF O=~0-V SEGMENTS
EVEN COLUMNS PLOT DOWN» ODD COLUMNS PLOY UP

XPLOT{1) = XORIGM + (ICOL-1)*GRIDR
XPLOT(2) » XPLOT(1)

YPLOT(1}Y = 0.

YPLOT(Z2) = 0,

00 500 I=l,NY

Jd s I
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IF (MODYICOLs2) <EQe O0) J = NY = I + 1
YTGT = YORIGN ¢ (J=1) #* GRIDR
IF (ITGTAV oEQs 1) HOMHI(J) = HOWHI(J) -

1 * INT(TVEG(ZNOW(J))) ,
§ IF (HOWHI(4) oLEs PLTHT(1)) IFGSYN = :
i IF (HOWHI(J) . oGTo PLTHT(1)) IFGSYM = 99999 ,
i IF (IBOX oNE. O} CALL FRCSEN(XTGT, YTGT, IFGSYM} !
! IF ((YPLOT(1) oLEe Ge) oANDe (HOWHI(J) o+GTe PLTHT(1)))

: * YPLOT(1) = YORIGN ¢ (J=1)%GRIDR = D ,
{ ‘ IF (YPLQT(1) oLEs Ge) GO TO 500 i
14 IF {HOWHI(J) oLEe PLTHT(13}) ; : E
! * YPLOT(2) = YORIGN ¢ (J=L1)%GRIDR = D

; IF (I «EQe NY) , |
g * . YPLOT(2) = YORIGN ¢ (J=i)%GRIDR + D .
. IF (YPLOT(2) +LE, Oo) GO TO 500 ?
3 CALL PLTDTS(l, G XPLOT» YPLOT, 2, 0)

; YPLOT(1) = Q.
; 500 CONTINUE

! RETURN

END

4 : A-24
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SUBROUTINE PLYPRE(XMINy XMAX, YHINs YMAX)

BY BARBARA BROCME
PLOTS PRELIMINARY INFORMATION = BEFORE LOS CALCULATIONS

DINENS ION PHTS(2)

DIHENSION POBS(5)

DIMENSION PLE (6}

DIMENSION MID(2)

DINENSION LABELP(3)y LABELI(4)» SYNBAL(L1UV)

PIMENSION LGND1{1), LGND2(3), LGND3(3), LGND4(2), LGND5(3)

COMMON /PLTSVYS/ MAPID, SCALE, NPLTHT, PLTHTIlC)» I0BS, INK

COMMON /SEE/ X0OBS» YOBS, HOBS, OBTRAN

DATA LABELP /'BROCME ty, YBLDG 392 9, 'X2417 '/

DATA LABELI /*BROOME ', 'BLDG 392 ', "X2417 '
VINK PLEASEY/

DATA LGNDLl /'LEGENRD 2%/

DATA LGND2 /'POSITION W', YHERE TARGE', T >y

DATA LGND3 /X METERS H'» *IGH OR MOR', 'L >/

DATA LGND4 /3CAN BE SEE's 'N» WHERE >/

DATA LGNDS /%SYHBOL Hh t, X = >ty

DATA SYMBOLZY 20, 8430, /50, Wddi, AR, IR>1, 1CX0, ID>1, gD,

* 1F>0/

C &

c
¢

(2 XeXg)

[« Xz Xel OO

sk

il

kg

L2 1

*e%

kb

¥

PLOT AXES

PXMIN = 1000 * AINT( 001
PXHAX = 1000, * AINT(,001
PYMIN = 1000, * AINT(,001
PYMAX = 100De * AINT(.001
F SCALE /100,

XPAGE = (PXMAX = PXMIN}/F + 32,

IF (XPAGE oLTe 46+) XPAGE &b

YPAGE = (PYMAX =~ PYMIN)/F + B,

IF {YPAGE oLTe 21e) YPAGE = 2%,

CALL annnxtxpace,as.oo,ses7.,-xpacev CTITLE PLOTY) 12y FT MAXY)
CALL RMNMX(YPAGE220492 7342 'YPAGE's YLABEL SIZE', 29 IN, MAXY)
CALL PLTPGE

IF (INK ¢EQe U) CALL PLTBEG(XPAGEs YPAGE» ¢3937», 13, LABELP)

IF (INK ¢EQe 1) CALL PLTBEG(XPAGEy YPAGL, 43937, 13,LABELI)
CALL PLTSCAl6es 6es PXMINs PYMIN, Fs F)

CALL PLTAXS(100C<s 100Ces PXMINs PXMAX, PYMINs PYMAX, 4)

INCREASE PLOT TICHARK SIZE (TnP» RTs BOTTOM» L)

(XHMIN
(XHAX
(YMIN
[YMAX

Ll
+001)) + ULV,
«001))
ol:l)) + 1lulu,e

e s e
* & & ®
1+t +

+

CALL PLTICS(O0» PYMAX  » PXMIN, PXMAX)
CALL PLTICS(1, PXMAX 5 PYMINs P;GAX)
CALL PLTICS{Os» PYMIN=6Ges PXMIN, PXMAX)
CALL PLTICS(1s PXMIN-5Dss PYMIN» PYHAX)
LABEL AXES

CALL LABELA(100Ges 10GUe» PXMINs PXMAXs PYHINs PYMAX» o00Lis o0C1)

PLOT MAP IDENTIFICATION
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OO

om0

L 13
L L
kb

L 22

L 2

*kE

ki

L2 2
L)
910
SV
930
940
80

ENCODE(20, 900, MID{1)) MAPID
CALL PLTSYM( o3, MID, Oe¢s PXMIN) PYMAX ¢ (8%F)

PLOT OBS ERVER
CALL PLTDTS(3, 05 XOBS, YDBS, 1, O)
PLOT OBSERVER COURDINATES AND HEIGHT

ENCODE(42, 91G» PDBS(1)) X0BS, YOBS

CALL PLYSYM(+3» POBSsy Oes PXMIN» PYHIN =~ 2,8%F)
ENCODE(29» 920 PGBS(1)) HOBS

CALL PLTSYM(e3s POBSs Ues PXMINy PYNIN = 3,6%F)
cNCODE(Z29, 940, POBS(1)) IOBS

CALL PLTSYM(43, POBS» QOes» PXMINs» PYMIN=4,4%F)

PLOT LEGEND

CALL PLTSYM{e3s LGND1ly Qe¢s PXMAX+7.%Fy PYMIN+12,%F)
CALL PLTSYM( 43, LGND2» Oes PXMAX+To*F, PYMIN®#1.1,2%F)
CALL PLTSYH(e3» LGND3y» Qe» PXMAX¢T7.%F, PYMIN®10,4%F)
CALL PLTSYM(e3s LGND4» Qes PXMAX+7.%F, PYKIN+ 9,6%F)
CALL PLTSYM(e3s» LGNDS5s» Ous PXMAX+To%F, PYMIN+ 6,8%F)
00 100 I = 1, NPLTHT
CALL PLTSYM{.3, SYMBOL(I)s» Jes PXHAX+8,.%#F,
PYMIN®(B846=1%,8)%F?
ENCODE(11,930,PHTS(1)) PLTHT(I)
CALL PLTSYM(e3s PHTSs Ues PXMAX+L3%F,
PYMIN®(8,8~1%,8)%F)
CONTINUE

ENCODE (535,98G,PLB(1) )PLTHT(NPLTHT)}
CA#L PLTSYM(-3, PLBy Oe¢s PXMAX+B4*Fy PYMIN#(8.8=~1%,8)%F)
RETURN

FORMATS

FORMAT(YMAP ID = %, AlD, 8>0¢) 3
FORMAT(YOBSERVER C's 'OORDINATES', ' (', F7,05 ' 5 , FBelLy 1)21) f
FORHAT(?OBSERVER HY'y VEIGHT = 9, Flus2s >7) .
FORMAT(F10s2y 1>")

FORMAT(POBSERVER I D « Ty 110, 1>0)

FORMAT( *— MO TARGET <e%,F1042s" METERS HIGH CAN BE SEEN>*)
END

A-26




*..—qm“_ - AT, w3 - e
fa. Bicane TR Itk b

OO

OO0

SUBROUTINE PRFRSN
¥k
BY BARBARA BROOHE
vu, PRINTS THE AVERAGE AREA SEEN FOR EACH TARGET HELGHT
COMMON /ASNSTF/ RNUM(10), DENOM
COMMON /PLTSTF/ HAPID,SCALEs NPLTHT, PLTHT(10), INBS, INK
COKMON /80X/ BOXMIN, BOXMAX, BDYMIN, BOYMAX, IBOX
WRITE(6s 900) BOXMIN, BOYMIN, BOXHAX, BOYMAX
WRITE(6, 910)
DO 100 I = 1, NPLTHT
CFRACT = PNUM(I) / DENOM
WRITE(6, 920) CFRACT, PLTHT(I)
100  CONTINUE

RETURN
L2 1
FORMATS
[ 3§
900 FORMAT(/7/7, % AREA OF INTEREST DEFINED BY ', /,
& (e (', F1l04ls ' »% Fl0el, ') 1))
910 FORMAT(/s ' FRACTION OF AREA TARGET ¢, /.,
* ¢ VISIBLE YO OBSERVER HELGHT Y, )
920 FORMAT(/, ¢ 'y FlGeDs X, Fl0sl)
END

A-27
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SUBRQUTINE RDDATA(IU,ICODE)

BY MONTE COLEHAH
READS ONE BLOCK FROM A DMA TAPE ON UNIT NUHBER IU AND RETURNS
ICODE, WHICH INDICATES THE TYPE OF RECORD READ.

L] L

i COMMON /DMACOM/ TBUF (7001, ITEHP(80),1T N
- INTEGER TIDsFID, DT4» EAFs EOI
DATA MSKA / 7777777777770G00CL000B/ 3 HSKB/ 77777700 wudlvuabi't LB/,
TID / 00U0LOVUOU2UOVVUOUUUBZHFID / YUUGWOL I 120uliiniyiBl
DTA / 410LULLOL VUCLYOUDO00B/, EOF / 0125462615U000I0IIULE/,
EOI / U1255131150(LuC0COOLBY
BUFFER IN (IUp2)(IBUF(i)s IBUF(70UL))
. IEOF sUNIT(IU)
E IF(IEOF+GT4=1)GOTU 20U
£ 100 ITEM=IBUF (1) sANDJMSKA
ICODEw? ¢
% IF(ITEMeEQ.TID)ICODE=!TAPE IDW
g IF(ITEMeEQeFID)ICODEwFILE ID!
?
J

k¥

OO0

* £ &

{

e s

IFCITEM«EQ.EOF)ICODEENF?

g IF(ITEMEQLENI)ICNDE=ILOIY

X ITEN=IBUF(1)4AND (HSKB

| IF(ITEMsEQeDTA) ICODE=TDATA? |
IF(ICODECEQ.' 1)GOTO 240 |
X RETURN : 1
y 200 IF(IEOF.6T40)GOTD 220C

PRINT 210, IU

ICODE= YEQF ¢

V RETURN

. 210 FORMAT(! RDDATA/WARMINGeesesENF ON UNIT?,15) -
§ 220 PRINT 230,1IU

G0TO 100
230 FORMAT(' RDDATA/WARNINGesssePARITY. ERROF QN UNIT',I5)
240 PRINT 250, ITEM
PRINT 260, 1IU
260 FORMAT{Y¥ ERROR ON TAPE', IlQ)
sToe
250 FORMAT(' RODATA/ERRIReweso ILLEGAL INDICATORY/L.Xs?ICODE= /9,020 %
* 170
END

Py GETF ., Sl

S~ PR T

4
- i

T
et

]
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; SUBROUTINE RDNCHK

, C whw
: c 8Y BARBARA BROOME
; ¢ " READ2 WRITE» AND CHECK INPUT FOR SEEFAR PRUGRAM
H C HAPIDO SCALE) INK = TELLS WHAT MAP TITLE TO PUT ON PLOT,
{ c WHICH SCALE TD YSE & WHETHER TO USE
K c BALLPOINT PEN DF INDIA INK
K C 1085, X0BS, YOBS, HOBS, IDNTHMV = ORSERVER IDENTIFICATIUN,
: c UTH COORDINATES, HEIGHT, AND INDICATIGH
f ¢ OF WHETHER TO ATTEMPT TO LXPOSE QBSERV.*
s c NPLTHT, ITGTAV - NOs TGT, HTS, CUNSIDERED (LESS OP = 1.)
1 C AND INDICATOR FOR WHETHEP HTGT IS HT
. (o ABOVE VEG (IF 1) DR ABOV:E LAND (IF u)
) c PLTHT(I) = I=TH TARGET HEIGHT (MLTERS)
¢ XMIN, XMAX, YMIN, YMAX, GRIDR, JVEG
c UTM COORDINATES OF BOUNDARIES
c OF AREA TO BE CONSIDERED & GRID TO USE
C INDICATOR TO ADD VEGETATION
o VEG & URBANSC,URBAN MNNLY®sl,NOTHING=2
¢ NTAPES, TGRID - MUMBER OF DMA TAPES REQUIRLD & TAPE GFIU
C IBOX, ISAVE ~ CALCULATE VISIBLE FRACTION OF BOX
C (1l = YESy O = }O)
c INDICATOR FOR WHETHzR TD SAVe HOWHIYS nNw
C DISK FOR FUTURE COMPDSITE CALCULATIONS
C (1 = YES, L.= NO)
C HOWHI AFFECTED BY ITGTAV BrFDRE STARING
: C BOXMIN, BOXMAXy BOYMIN, BOYMAX = IF IBOX = 1, DESCRIBES
] ¢ AREA OF INTgEREST
i C &
p COMMON /VEGIND/ JVEG

b COMMON GRIDR

| COMMON /SEE/ XOBS, YOBS, HOBS, OUBTRAN

: COMMON /PLTSTF/ MAPIDs SCALE, NPLTHT, PLTHT(1v), IOBS, INK
; COMMON /BOX/ BOXMIN, BOXMAX, BOYMIN, BOYMAX, IBOX

COMMON /OTHERI/ IDNTHV, ITGTAV» XMINs XI1AX» YHIN» YMAX, NTAPCS,
. TGRID, ISAVE
C *db
b C READ AND WRITE INPUT F
v C k%
g READ (5,9uf) MAPID» SCALEs INK
5 WRITE(6994C) MAPID, SCALE, INK
A READ (5,910) I0BS, XOBS, YOBS, HOBS, IDNTMV
! WRITE(6,910) IDOBS, XDBS, YOBS, HOBS, IDNTMV
| READ (5,960) NPLTHT, ITGTAV
WRITG(60960) NPLTHT, ITGTAV
READ (5,920) (PLTHT(I), I = 1, NPLTHT)
WRITE(65920) (PLTHT(I), I = 1, NPLTHT)
READ(5, 931 ) XHINy XMAX, YMINs YMAX, GRIDR» JVEG
WRITE(65930)XMIN,XNAX) YNIN, YHAX, GRIDR, JVEG
: READ (55910) NTAPES, TGRID
| WRITE(65910) MTAPES, TGRID .
) READ (5,960) IBOXs ISAVE
WRITE{6s960) IBOX» ISAVE
IF (IBOX .EQs 1) READ (5,92L) BOXMIN, DOXMAXs BIYMINMN, BOYMAX
IF (180X +EQs 1) WRITE(6,920) BOXMIN, BOXMAX, BOYMIH, BOYMAX
C *&s
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c DATA
C waw

CALL
*

CALL
*

CALL

CALL

CAlL
*

CALL

CALL
&

CALL

CHECKS

RHNMX(SCALE, 499942 100GU1es
FREAS HAXY)
INNMXC(INK, =1» 2, YINKY, ¢NEG NO';
© 'REAS MAXY)
RENMXEXOBS) XMIN=oD0ls, XMAX®eRUi» 'XOBSY, IXMIN',
RENMX(YOBS, YMIN=.00l, YHAX<+40Ql, %YOBS', YYMIN',
RMNMXCHOBS, —=oCulils 1000les HORS®» 'NLEGe NUe'»

TREAS MAX®)
THNMXCIDNTMV, =1 2, VIDNTMVY, ENEGe NDo's PREAS MAX?)
INNMX(NPLTHT, O» 1ls 'ROs OF PLOY HTS.%, VZERDY,
CPLTHT DINY)

INNBXC(ITGTAVs =1s 2o

$SCALE?) SREAS MINY,

PXHAX®)
YYHAXY)

CITGTAVA, "NEGs NOo', "RcAS HAX')

DO 0L I = 1s NPLTHY
CALL RMNMX(PLTHT(I)s =oDOLVULIs 1WOLLles 'HPLTHTII)®)

.
100
CALL
CALL
CALL
CALL
CALL
caLl
CALL
CALL
CALL
CALL

IF (IBOX +EQe 1)

&

IF (IBOX +EQe 1)

&

IF (IBOX «EQs 1)
.

IF (IBOX +EQs 1}
»

CALL

INEG NUMBER', 'REAS RAX®)

99999,5 XKAX» PXHINY, IREAS MINY, 'XMAXY)

XMINy 10000060¢s YXMAX', 'XMINY, 'REAS MAXY)

RMNAX(YNIN, 9999990 YHAX) YYHIN', FREAS HMEIN?, ¢YHAX?)

RHNMX ( YHAXs YHINs 10U0D0UDes YYMAX?, PYHIN', PREAS HAX?)

RMNMX{GRIDR» Ues 1001l4s *GRXIDRY, OZLRQ', *REAS MAX')

IMNMX(JVEGa =153,V VEG ADD INV's tNEGe NO'» YMAX VAL s20V)

RNNMX{TGRIDs (s ilOles $TGRIDY, PYZERO', YREAS MAX?)

GOZIN2(TGRID, GRIDR» *TGRID', 'GRIDRY)

IMNMX(NTAPESs O» 13s tNTAPLSYs 'REAS HMIN', YMERGE LIMY)

IMNMX(IBOX, =1y 2» YIBOXY, ¥NEG. MO, ¥REAS MAX?)

CALL RMNMX(BOXMIN» XMIN=oOUls BOIXMAXj
VEXMING, TBOXMAX?Y)

CALL RMNHX(BOXHAXs BOXMIN, XHAX+olvls
*BOXMING, YXNRAX?)

CALL RMNMX{BOYMINs YHIN=-4001, BJIYMAX,
TYMINY, 3BOYHAX®)

CALL RMMNMX({BOYMAXs BOYMIN, YNAX+40G1,

tBOYRINY, fYMAX?)
PISAVESY, SNEG. MDYy YPEAS KAXY)

CONTINUE

RMNNX (XMIN,
RMNMX (XMAX,

INNMXCISAVE, =12 2

RE TURN

C #%%

C FORMATS

C wow

90 FURMAT(ALL, Fllels I10)

910 FORMAT (110, 3F1l0els

110}

920 FORMAT(8F10.0)

930 FORMAT(5F1UeU,I1iC)

940 FORMAT(LXsALU»FLOWLLI10)

950 FORKAT(?Y ELEVATION OF TERRAIM AT OBSERVER POSITION =%, F1l0.1)

960 FORMAT{Il0, I10)

END

RIS T S e S e 2 U RS RNV
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SUBROUTINE RMNMX(ZVALUE, ZHIN, ZHAXs VALNAMs HINNAN) HAXNAK)

BY BARBARA BRUGNME
HAKES SURE ZNIN IS LESS THAN ZVALUR IS LESS THAN ZMAXe
VALNAH = CZVALUEY, HIRNAR @ VEININ', HAXNAN = VZMAX®,

IF {IVALUE JLEe ZNIN) WRITE{65100) VALNAH, MINNAM» VALNAN,
ZVALUE, HINNAMy ZMIN
IF (ZIVALUE oGEe ZMAX) MRITE(65200) VALNAMN, HAXNAM, VALNAM,

EVALUE, MAXHAMs ZHAX

IF (ZVALUE JLEe ZHKIN} STOP
IF (IVALUE LOE. ZINAX) STOP
RETURN .
FORMAT{1X, A200% SHUOULD BE GREATER THAN v, A2us/,

11Xy A20,0 = ¥, F10.0, /»

1Xs A20,% = %, Fip.M
FORKAT(LXy A20,¢ SHOULD BE LESS THAN ',  A2L,/s

1Xs A2Ls? = 8 F10,0» /»

1Xs A20,' » v, F10,0)

END
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SUBROUTINE RTYPRC (ICODE» I)

BY MONTE COLEMAN
CHECKS TO MAKE SURE INPUT RECORD IS THE RIGHT TYPE

IF C({I o%Qel 1) oANDe (ICODE oNEoi 'TAPE ID*)) GOTO 100
IF ({I oEQst 2) oJAND, (ICGDE oMEe 'FILE IUL')) GOTO 100
IF (ICODE +EQe: YEQF') GOTO 200

IF (ICODE +EQe! YEOI¥) GOTO 300

IF ({1 oGTet 2) oAHDs (ICODE oNEe: 'DATA'}) GOTD 100

IF (I +GTe 2500) GOTO 400

RETURN

THE FIRST 2 RECORDS SHOULD BE FILE ID 4ND TAPE ID
WRITE{ 6, 150) I»ICODE

igggAT('lRECDRD ', I5, ¢ SHOULD NOT BE A 's Al0, ' RECORDe')
IF EQF IS ENCOUNTERED

WRITE(6, 250) ICODE,I

FORMAT(/ 72" *5 A10, ¥ ENCOUNTERED AT RECORD !, I5)

RETURN

tF EOL IS ENCOUNTERED

WP.ITE(6y250) ICUDE,!
sTor

IF THERE SEEMS TO BE TOO MANY RECURDS ON THE TAPE

WRITE(6s450) o
TORMATC'LARL YOU SURE YOU SHOULD WAVE WORE THAN 2500 SCANLIMES?!)
END ’




e S ERL s T R A S e o TErmmmem L T

SUBROUTINE SAVPRI(ITGTAV) b

Aokok §
BY BARBARA EROOME : H
SAVL PRCLIMINARY FILE IO INFO IN RECORDS 4001-4013, IF ISAVE « 1, L

ok ! b
COMMON GRIDR ‘
CIHKON /SCANS/Z NX, HY
COMNON SEE/ YORS, YOBS, HOBSy OBTRAN
COWtON ¢AFRCA/ XORIGNe YORIGH, XSTOPy YSTOP
COUMON /®LYSTH/Z MAPID, SCALEs, NPLTHT, PLTHT(10), IDBS» INK o
DIMENSINM NINDEX(40L1%) L
CALL UPEMMS{3s NINDEX, 4015, 0)
Call WRITHS{2y Z0BS» 1s 4001)
CALL WRITNS (3 YOBS, 1» 4002)
CALL RRITMZ ¢3, w0BSs 1, 4003)
CALL WRITHS (3, XDRIGM, 1, 4004)
CaLL VRITHS (3, YORIGH, 1» 400%)
CALL RRITHS (3 XSTOP, 1, 6006)
CALL WATTOS (3p YSTUP, 1, &007) 1
CALL LRITHS (3, NXs 1, 4008) ,
CALL WELTMS (3, NY, 1 4009) :
CALL VPITKS (3 GRLIDRs 1, 4010}
CALL WRLTHS (3 MAFID, 1, 4011)
CAIL WRITHS (3, I0BS, 1, 4012) %
CALL WRITHS i3, ITGTAY, 1, 4013) , p
COTURN
EHD

[a% o N oo

" e e e
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SUBROUTINE STOATA(ZsJd»Ns JVEG)
BY ARTHUR GROVES

STORE ELEVATIONS PLUS VEGETATION PLUS INDICATOP. FRACTIONS IN
ARRAY I STARTING AT Z(d}e: N ® DIMENSION OF Z~-ARRAY.

COMMON /DMACON/ IBUF(700)s ITEMP(BO),ITEM
DIMENSION Z{1),VECCOD(4)
INTEGER SHIFT

DATA HSK1/108/,MSK2/ 777778/, VEGCOD/060s 2043510025441/

IsJ

IWORD=2

IGETL

CALL UNPACK(IBUF(INORD), ITENPo60)
IVORD=INORD+&
ISIGN«ITEMP(IGET ) ANDsMSKL
IVEGeSHIFT(ITENP (IGET) »~4) .
ITEMSICVT(ITENPCIGET)» 3) o«ANDe: MSK2
IF(ITEM.EQeMSK2) RETURN
IF(ISIGNONELO)ITEN=~ITEM
Z(I)eFLOAT(ITEN)
IF(JVEG.EQeD)IZ(IVeZ(1)+VEGCOD(IVESG+])
%F;JVEG-EQ.I oANDol IVEGeEQ2)Z(IV=Z(I)+VEGCOD(3)
al+¢]

IF(TeGToNIRETURN

IGET=IGET+3

IF{MOD{IGET»60) «NEL1)GOTO 100

CALL UNPACK(IBUF(IWORD))ITEMP»60)
INORD=IWORD+6

IGETrl

GOTO 1Q0

EMD
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FUNCTION TVEG(Z)

C k¥

I ¢ BY ARTHUR GROVES
; c RETURMS VEGETATION AHOUNY ADDED FOR THE GIVEN Z
p C *%x%

DATA ORCHAD 7441/» URBAN /10e2/» FOREST /7206 3/
; DPZ = Z = AINT(Z)
¢ TVEG = O
; IF (DPZ oGTe «05) TVLCG = ORCHAD
1 IF (DPZ #GTe ¢15) TVEG = URBAN
1 IF (DPZ 4GTe o25) TVEG = FOREST

PETURN

END

e
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SUBROUTINE XPOSIT(XsYsICARE)

*
L 3
-

8Y ARTHUR GROVES

THE PURPOSE OF THIS SUBROUTINE IS TO ATTEMPT TO MOVE AN OBSERVER
AT (X2¥) WHICH IS IN VEGETATION/URBAN TO A NEARBY POSITION WHICH
IS IN THE OPENs! TO HAVE IT DO THISs CALL THE SUBROUTINE WITH
ICAREw=O¢l IT THEN LOOKS AT THE ELEVATIONS AT THE FOUR CORNERS OF
THE SQUARE OF ELEVATIONS (X,Y) IS INe IF NONE OF THESE ARE
WOODED/URBAN» IT RETURNS THE ORIGINAL (XpY)e. IF ALL FOUR CORNERS
ARE WOODED/URBAN» OR IF EXACTLY ONE PAIR OF OPPDSITE CORNERS ARE
WOODED/URBAN, IT PRINTS AN APPROPRIATE STATEMENT AND STOPS THE
RUNs MAKING NO ATYTEMPT TO FIND AN OPEN NEARBY LOCATIONe IF ONE»
TWO (ADJACERNT) OR THREE CORNERS ARE WDODED/URBANs IT MODVES THE
DBSERVER THE LEAST POSSIBLE DISTANCE TO AN ADJACENT SQUARE NOT
KNOWN TO HAVE ANY WOODED/URBAN CORMERSe IF THIS NEW SQUARE IN
FACT HAS NO WOODED/URBAM CORNERSe IT RETURNS AS (XpY) THE NEW
ADJUSTED DBSERVER LOCATION AND PRINTS THE NEW LOCATIONe IF THIS
NEW SQUARE DOES HAVE ONE OR MORE WODDED/URBAN CORNERS, IT PRINTS
THAT IT MADE AN UNSUCCESSFUL AYTEMPY TO MOVE THE OBSERVER AND
THEH STOPS THE RUNe IF THE SUBROUTINE IS CALLED WITH ICARE=l,
THIS ENTIRE PROCEDURE IS BYPASSED AND (X»Y) IS RETURNED UNCHANGED
WHETHER OR NOT VEGETATION DR URBAN ARE PRESENTe

*
*
*

DIMENSION T(4r4)

COMMON GRIDR

COMMON /7SCANS/Z NXsNY

COMMON ZAREAZ XORIGM» YORIGN)XSTUPJYSTUP
COMMON /BIGZ SCAN(4000)

LOGICAL Lilsl.2sL3sL4

1 FORMAT(* ELEVATIONS REQUIRED FOR XPOUZIT NOT PROVIDED BY MERGIT')
2 FOKMAT(® OBSERVER MOVED TO (*5F10ss ' *»Fl0s1,%) ")

3
4

5
L L

Lt g

Li L)

e

Sk

ek

hgk

FCRMAT(® OBSERVER ENTIRELY SURROUNDED BY VEGETATION OR URBAN AND C
« 0UI.D NOY BE MOVED')

FORMAT(® ENACTLY ONE PAIR OF OPPOSITE CORNERS IN VEGETATION OR URB
® AN = (JBSERVER COULD RQT BE HOVED®)
FORMAT® MADE ONE UNSUCCESSFUL ATTEMPT TO MOVE OBSERVER?)

IF NO ATVEHPT TO HOVE THE OBSERVER IS TO BE MADEs RETURNs
{FCICARES EQed JRETURN

IDENTIFY THE LUCATION OF THE 4X4 SQUARE OF ELEVATIONS SURROUNDING
THE GBSERVERe

IL=LUCATE {Xs XORIGHGRIDRY
JLaLOCATE(Y2 YORIGN9GRIOR
KORIG = XORIGN + GRIDR * FLDAT(LL=2)
YOR1I6 = VORIEN + GRIDR * FLOAY(JL-2)

IF ALL 16 OF THESE ELEVATINNS HAVE NOT BEEN PXOVIDED BY THE
HERGIV SUBROUTIME, ERINT THAY FACT AND STUP THE RUM,

IF(ILeoleGEol e AND S IL 24 LEGNXe ANDNL=l¢GCER 1 ANDoJL*24 LE¢NY IGOTO 100
WRITE(S, 1)

STap

A-36

S L e _.-.-v--—-—-q

AR TR S rmy Tt IR I KPR s

s G ) i“ Ad L et

ud Lo

N eile il - . mall _ cE,

L

Lt andfR -

L




- A

A TR R T T e T YT LT ok had
. 7 =z T "~

OO0 CODOOO

OO O0 COOOOO

OOOO

ek
100

110

120
Sk

wk

130
.

Ll L

¥

&
140

Lt

kR

L2 1)

L1
150

L2

ko
160

FILL THE 4X& ARRAY WITH ELEVATIONS,

DO 120 I=l,%
CALL READMS{2,SCAN(1)sNYslL#I%2)
DO 110 J=i,4
Tilsd) uSCAN(JL#J=2) .
CONTINUE
CONTINUE

CLCAR THE *SCAN' ARRAY» JUST IN CASE.

00 130 Is1,4000
SCAN(I)=04

CONTINUE

SET YMOVED! TO ZERO TO INDICATE THAT (XoY) IS THE INPUT
OBSERVER POSITION AND NOT AN ADJUSTED POSITIONe

MOVED=0

DETERMINE WHICH CORNERS OF THE 2X2 SQUARE CONTAINING THE CURRENT
OBSERVER POSITION ARE IN VEGETATION OR URBAMe THE APPROPRIATE
LOGICAL VARIABLE (Ll, L2, L3 OR L4) WILL BE MADE °'TRUE®* IF THE
CORRESPONDING CORNER IS IM VCGETATION OR URBAN.

IsLOCATE(Xs» XORIGSGRIDR)

JeLOCATE(Y, YORIG,GRIDR)

XSCAN = XORIG + GRIDR * FLOAT(I~1)

YSCAN = YORIG ¢ GRIDR * FLOAY(J=1l}

Ll = AINT(10e®FRACT(T{I,J}+e00001)) oNEs O

L2 » AINTCLOMFRACT(TII+1sJ)+,G0001)) oHNEe Os
L3= AINT(1O04MFRACTIT(I¢1sJ¢1)%3,00001)) oNEe 0o
L& = AINT(LOA*FRACT(T(I»J¢1)+,00001}) oNEe Os

IF NO CORNERS ARE IN VEGETATIOM OR URBANs THE OBSERVER IS IN THE
UPENe IF THIS IS THE ORIGINAL OBSERVER POSITIGNs RETURN TO THE
CALLING PROGRAMs IF THIS IS AN ADJUSTED POSITION, HRITE THAT FACT
AND THEN RETURN

IF(L1e0ReL240Re1.3,i0R4L4)GOTD 150
IF(HOVEDoEQeLINRITE(Gs 2) Xa Y
RETURN

IF MOVEDsl INDICATIHG THAT THE OBSERVER HAS ALREADY BEEN MOVED
TO A NCW LOCATION AND IS STILL IN VEGETATION DR URBANs WRITE
THIS FACT AND STOP THE RUNe!

IF (MOVEDEQe0)GOTO 160
WRITE(6,5)
stop

IF OBSERVER IS ENTIRELY SURRQUNDED BY VEGETATION OR URBAN»
WRITE THIS FACT AND STOP THE RUNs

IF(oNOT4(L14AND4L24AND4L3,ANDeL4))GOTD 170

WRITE(S,3)
Stoe

A-37

y

3
; s

S . G e, oo OB, . i TLL .

s it S S TR, .

i




k¥

IF ONE PAIR OF OPPDSITE CORNERS ARE IN VEGETATION OR URBAN, WITH
- THE OTHER PAIR IN THE OPEN, WRITE THIS FACT AND STOP THE RUN,

170 IF{eNOTo{L1gANDeL3oAND o NOToL2¢ANDeoNOTeL4 oOPe L2eANDelL4eANDe
*  GNOTeLleAND.wNOTAL3))GOTO 180
WRITE(6s4)
STOP
Sk
THE OBSERVER IS GOIMNG TO BE MOVED TO A NEW LOCATIONe AT THIS
POINT MAKE YMOVEDY EQUAL 1 SO THAT WHEN CONTRUL RETURNS TN
STATHMEMNT 140 TO EXANINE THE NEW LDCATIONs IT WILL RECOGNIZE IT
AS A MEYU LOCATION.:
L1 3]
180 MOVEDs=1
ke
MOVE THE OBSERVER IF CORMER MUMBER 1 IS THE ONLY CORNER
IN VEGETATION OR URBAle
i1,
v IF(eMOTel LleANDeaNOToL2eAMDeaNDTal36ADee NOToL4))IGATO 190
E D1«XSCAN ¢ GRIDR = X
¢ D2=YICAHN ¢ GRIDR =~ Y
IF(D1sLTeD2)XeX5CAN + GRIDR + 401
' TE(D1sGEaD2)Y=YSCAN + GRIDR + .01
v 0QT0 140
gk
NOVE THC OBSERVER IF COPNER NUMBER 2 IS THE DMLY CORNER
il VEGCTATION OR 'RBANs
" oot ok
; 190 IF(GNOVeil@eNOTalleADeL 26 ANDeeNOTo L34 ANDe «NUToL4) )GOTD 200
" DleX = XSCAN
3 N2=sYSCAN ¢ GRIDR « Y
IF{DLalTeD2)XnXSCAN = 401
IF(D1eGEeD2)YuYSCAN + GRIDFR + 401
GOTO 140
ook
MOVE THE OBSERVER IF CORNER NUMBER 3 IS THE OMLY CORNEK
IN VEGETATION OR URBAN
ko
200 IF(aMNOT leHOTaLlaANDesHUTet2¢AMD L34 ANDe o« NOT4L4))IGOTC 219
D1eX = XSCAN ]
D2=Y = YSCAH ' ?

QOO0 OOOOOHO

~N

OO0

OO0

‘ IF(D14LTeD2} X=X SCAN = 401 i
L IF(DLsGLeD2) YuYSCAN =~ 401 ,
m COTO 140 . "

‘ wikk

HOVE THE OBSLRVER IF CORNCR NUNMDEK ¢ IS THE ONLY CORNER
IN VEGETATIUN OR URBANe
L L]
210 IF(¢NOT{oNOT L1aANDeoHDT4L26ANDGaN0TeLl3eAMNDL 4)¥GOTD 220
D1=XSCAN ¢+ GRIDR = X
D2=Y = YSCAN
IF(D1eLTeD2)XaKSCAN + GPIDR + ,Li01
IF(D1.GEeD2) Y=YSCAN = 401
GOTO L40
ok

HOVE THE OBSERVIR IF CORHERS NUHBER 1 & 2 ARE THE ONLY

OO0

o
o0
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" CORHERS IN VEGETATION OR URBaNe!

”

220 IF(oNDOTo{LlehNDeL22AND s e NDT ol 3sANDaoeNOTeL4))GOTD 230
YuYSCAN ¢« GRIDR + 401
GOTD 140

MOVE THE OBSERVER IF CORMERS NUMBER 1 € & ARE THE ONLY
CORKERS IN VEGETATION OR URBAN.!
it
2 230 IF1oNOToI(L1aANDoeNOTeL 20ANDeeNOTeL3e'AND4L4))GOTD 240
K XuXSCAN ¢ GRIDR ¢ 01
G0TO 140
L 1
MOVE THE OBSERVER IF COURNERS NUMBER 2 & 3 ARE THE OHMLY
. CORMERS IN VEGETATION OR URBANg
13 3
P 240 IF(eNDOTel(aNOToLLloANDoL2¢AND¢L3eANDooNOTeL4))GGTD 250
3 XuXSCAN = 401
¥ GOTO 140
ik
HOVE THE OBSERVER IF CORHERS NUMBER 3 € 4 ARE THE ONLY
CORNERS IN VEGETATION OR URBANe!
L 2 1]
# 250 IF(eNOTel(oHOTeL1l¢ANDeaOTat.2¢ANDoL3sANDoL4))GOTH 260
i YeYSCAN = 401
I COUTD 140
C dbxk
c HOVE THE OBSERVLR IF CORNER 4 IS THE OMLY UNE IN THE OPENe
C wih
260 IF(eNOTel(L1eANDe L2aANDL3sAND,oNOT,L&)}GOTN 270
Xu¥SCAN « 401
YuYSCAN ¢ GRIDR + 401
GOTO 140

MOVE THE OBSERVER IF CORNER 3 IS THE ONLY ONE IN THE OPEK.
wR

270 IF{o4NOToi{LLeANDeL2¢AND4aNOTeLA4AND,L&))GOTO 280
X=XSCAH + GRIDR + (01
Y=YSCAN « GKIDR + 401
GOTO 140

ik

. HOVE THE OBSERVER IF CORNER 2 IS THE ONLY ONE IN THE OPENe

280 IF(oNOTe (LLeANDoNOTsL2eAiiDeL3¢ANDoL4))GOTD 290
XuXSCAHl + GFIDR + o0l
YsYSCAN = 401
GUTO 140

MOVE THE OBSERVER IF CORHER 1 IS THE ONLY ONE IN THE OPEN.
. THIT IS THT ONLY CASE LEFTe

290 X=XSCAM = 401
Y=YSCAN = 401
GOTO 140
END
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FUNCTIUW TPRIAEC(XTGT» YTGYs ITGT» ZOLD» ZLATER)

EY EARBARA BROUME

IF ZPRIME IS GREATCR THAN THE TARGEY ELEVATION, PREVIOUS TERRAIN
AUST BE BLOCKING THE VIEWe! TET VISISLE IFF HOWHI WLEs. Qe

20LD  ARRAY CONTAINIMG ELEVATIONS FOR PREVIOUS SCAN (YRUMPED UP)e

ZLATER MWILL BE ZOLD FOR NEXT SCAN LINE

X ¥ CCORDINATES OF INTERSECT OF OBS=~TGT LINE WITH ZOLD SCAN,.
Z INTERPOLATED ELEVATIDN CORRESPONDING TD POINT (XsY)

RE RADIUS OF THE EARTH IN METERS

ZPRIME PROJECTION OF Z TG TGT POINT

DIMENSION 2uLlD(1)s ZLATER..)

COMMON CRIDR

COMMON /SEE/ XD0Ss YDBSe HOBSs OBTRAH

LOSICAL QUAD1Y, QUADI1D» QUAD2Us LSUAL2Ds QUAD3U, QUAD3D,

* QUAD4Us QUAD4D

RE = 6378323¢
DX « XTGT = X0BS
DY = YTGT - YOBS

DEFINE Xo Yo Z APTER DETERMINING WHICH PORTION OF WHICH QUADRANT
YOUR TARGET IS IN (8 PUSIBILITIES)

QUADLU = (DX 4GE, O4) «ANDy: (DY 3SEa: Oe) oAHDse (DX olLTe DY)
IF(«NOT,s. QUADIVIGE TO 150

X = DX*(DY-GRIDR)/DY + XGBS

Y =« YTGT ~ GRIDR

Z w (L-DX/DYV®ZLATER(ITGT=1) ¢ (DX/NY)*ZOLLIITGT=1)

GO TO 50N

QUADRLID & (DX oGte Os) «ANDei (DY ¢GEs. 0,) +ANDs (DX «GEe DY)
IF(4NDY 4! QUADLDIGD TO 20C :

X s XTGT = GRIDR

Y = DY&{ X-ORIDRIZDX + YOBS

Z o {1~ DXIZOLOCITGT) + (DY/ZDX}*ZIDOLD(1ITGT=1)

GD TO 5¢.

QUAD2U = CX ¢LTe Ol oAND4i DY oGEa. Oe) 2ANDe {=DX oLTc DY)
IF(MUT' GUAD211YGD TO 250

X « DX&{DY=GRIDR}/DY ¢+ XUBS

Y « YTGT -~ GRIDR

Z u {LeDX/DYISZLATERCLITGT=~1) - (DX/DYY*Z0LD(ITGT=1)

GO TO 500

QUADZ, = DX «LTe Se) oANDq. DY 4GSe Col oANDs (=DX ,GEo DY)
IF(eNCTel GUAD2DYGD TO 300

X = XTGT + GRIDR

Y = DY®(DX+GRIDRI/DX + YOBS

Z = (13DY/DXI®ZDLD(ITGT} = (DY/DX)*ZULD(ITGT=1)

GD TO 500

QUAD3U » (DX olTe Os) o AHDe {DY oLi7- Oa) +ANDc (DX oLTe DY)
IF («NOTol QUAD3U)GO TO 350

X = XTGT + GRIDR
Y = DY®(Dx+GRIDR)/DX + YOBS
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ok
350

ki
400

uk
450

ke k

500
ik

L L

R e R T RN P

Z = (1=-DY/DX)*ZOLD(ITGT) ¢ (DY/DX)®ZOLD(EITGT+1)
GO TO 500

QUAD3D = (DX oLTs 0¢d oANDe! (DY oLTei O«) ¢ANDs (DX «GEs DY)
IF{4NOT4l QUAD3DIGD TO 400

X = DX#{DY+GRIDR)/DY + X0OBS

Y = YTGT + GRIDR

Z = (L=DX/OY)*ZLATER(ITGT+1) « (DX/DY)IHZOLDIITGT+1)

G0 TO 500

QUAD4U = (DX oGEe O¢) oAlUDs: (DY «LTe 0o} oANDe (DX +GT4 ~DY)
IF(«NOTe: QUADAUYGO TO 450

X = XTGT = GRIDR

Y = DY®{DX-GRIDR)/DX + YOBS

Z = (LeDY/DX)®ZOLD(ITGT) = (DY/DX)}*ZOLD(ITGT+1)

GO TO 500

QUADAD

X = DX®(DY+GRIDR}/DY + XOBS

Y = YTGT ¢ GRIDR

Z « {(L+¢DX/DY)I®*ZLATER(ITGT+1) = (DX/DY)*ZOLD(ITGCT+1)

CONTIMUE
CALCULATE THE PROJECTIUM OF Z ONTO THE TAPGET POSITION

RI = SQRT((X=XOBS)#%2 + (Y=YOBS;%%2)

RT = SQRT({XTGT=XOBS)*#*2 ¢ (YTGT=YQOBS) %#2)

8 « RE + HOBS + OBTRAN

A s ((RE+Z)SCOS(RZ/RE)=RE=HOBS~UBTRAMN) / ((RE+Z)*SIN(RZ/RE))
XPRIME = B / {COT(RT/RE)=A)

YPRIME = COT(PT/RE)*B / (COT(RT/RE)=-A)

ZPRINE = SQRT(XPRIME*#2 + YPRIME®*2) - RE

RETURN o !
EMD i
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APPENDIX A3
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Appendix Bl

Calculation of Critical Horizon Coordinates

In determining whether a target position is in-view or out-of-
view the first step is to consider the effect of intervening terrain.
This is done by finding where the observer-target line intersects the
closest Tine of known horizon values (as illustrated in Figure B1-1).
This intersection location is referred to as (X,Y). To find the horizon
value, Z, at (X,Y), one need only interpolate between the closest hori-
zon values on the horizon scan, pictured as Zl’ 22.

. The problem of solving for X,Y, and z breaks into eight cases
(i1lustrated in Figure B1-2). These cases are determined by the relatjon-
ship between the coordinates of the target and those of the observer.

Considering a pair of axes with origin at the observer position,
each quadrant has been divided into two sectors. Targets in one sector
have an observer-target line slope whose absolute value is less than or
equal to orne. In the other sector the absolute value of this slope is
greater than one. The reason for this division will be explained by
the following two examples.

Selecting quadrant 1, X, Y, and Z will be determined for the
area where XTGT 2 XOBS, YTGT 2 YOBS and (XTGT - XOBS) Z (YTGT - YOBS).
(See Figure B1-3.)

Letting GRID be the grid of the map data X = XTGT - GRID, since
the horizon is one scan away. Knowing X, we can solve for Y from the
equation of the observer-target line:

Y = (YTGT-YOBS) (XTGT-XOBS-GRID) + YOBS.
(XTGT-X0BS)

JES e

It remains to solve for Z. Consider the target to be the ITGTth
position on a scan and ZOLD to be an array containing old horizon values.

SR = e )

Let DX = XTGT-XOBS and DY = YTGT-YOBS. ]

Then 1linearly interpolating,
z = (1- 35 700 (17e1) + 43 20LD (176T-1)

S Now consider a target in the upper portion of quadrant 1, where
XTGT < XOBS, TYGT 2 YOBS and (XTGT-XOBS) < (YTGT - YOBS). See Figure Bl-4.)
In this example the closest 1ine of known horizon values is formed by ZO0LD
(ITGT-1) and ZLATER (ITGT-1) rather than by two old horizon values. In this

case Y = YTGT - GRID
X = DX (DY-GRID) + XOBS
DY
Z = (1 -DX) ZLATER (ITGT-1) + {%éq Z0LD (ITGT-1)
By

Where DX, DY and GRID are as defined in the previous example. Similarly,
equations for X, Y, and Z may be derived for each of vhe eight sectors, !

as indicated in Figure B1-5.
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(XOBS, YOBS)

(XTGT,YTGT)

4
HORIZON SCAN
Figure B1-1
Locating Intersection of Observer - target line with
Closest Horizon Values
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(XTGT-XOBS) > (YTGT-YOBS)

XTGT < XOBS XTGT > XOBS
YTGT > YOBS YTGT > YOBS , 7
- (XTGT-XOBS) < (YTGT-YOBS) | (XTGT-XOBS) < (YTGT-YOBS) , 4
!
\ /7
\ 7
N /
Y
\ 7/
\ /
\ /7
XTGT < XOBS . p XTGT > XOBS
YTGT > YOBS N / ' YTGT > YOBS
-XTGT-XOBS) > (YTGT-YOBS)\ |, (XTGT-XOBS) > (YTGT-YOBS)
XTGT < XOBS \ (XOBS, YOBS) XTGT > XOBS
Y'I'GT < YOBS 7/ \ YTGT < YOBS
(XTGT-XOBS) < ’ (XTGT-XOBS)z;(YTGT-YOBS#
(YTGT-YOBS) / N
/ N\
7 \
7 N\
/ \
/ \
L/ XTGT < XOBS XTGT > XOBS \
YTGT < YOBS YTGT < YOBS N\

(XTGT-XOBS) < - (YTGT-YOBS)

Figure Bl-2

Eight Cases for Computing X,Y,Z
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Figure B1-3

Solving for X,Y,Z when XTGT 2 XOBS, YTGT 2 YOBS AND
(XTGT - XOBS) > (YTGT - YOBS)
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ZOLD SCAN

| {CURRENT HORIZON)
:"f‘ —lil
J
(XTGT, YTGT)

ITGT
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ZLATER SCAN
(FUTURE HORIZON)

(XOBS,YOBS) .
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k Figure Bl-4
: Solving for X,Y AND Z when XTGT > XOBS, YTGT 2 YOBS and
. XTGT - XOBS) < (YTGI - YOBS)
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Figure 31-5 .'
Bqeatloiu. for X,Y . for .he ITGIth Target Position on & Scan (Eight Possible Cases)
Seccor X Y A
U D \
F 1-2XY ZLATER(ITGT-1}
DX20 DX(DY-GRID) o | v corn ( 53;) :
| ove —LEY_)*" 8 ) ‘
DX <pY (\;%‘,) ZOLD(ITGT-1) k
1 16 zow cremy
DX20 XTGT-GRID DY (DX-GRID) ,ops b
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DX?DY D
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DY20 D -(Dx)zow 1TGT-1
-Ux oY ¥ ( ) ]
&€ 1422010 (176T)
o XTGT + GRID _D_\;ggfcnm) +YOBK
DY20
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- J
D )
3 . (1 ")zow (1767 ‘
DX<O ¥TGT + GRID DY (DX+GRID) v ong Y, 1
210 +{BX) 201D (ITGT+1) ;
DX<pY !
3D v (1-3% LATER (ITGT+1)
DX<0 DX(DY+GRID) s | YTGT + GRID
DY<0 X
DX2DY +{a§)zow(1m+1)
il 1+ 2\ z6L0c116T
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20 "("i"' +YOBS .
00 . (B 201D (1T6T+1)
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[ - 1
¥
1 D . i
i 4D . (1  ZLATER (1TGT+1)
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i i

(XTGT. YTGT) = THBE TARGET COORDINATES

(XOBS, YOBS) + THE Q3SuRVLR COORDINATES

GRID = MAP GRID

DX = XPGT - XOBS

DY = YTGT - YOBS

L D = ARRAY HCLDING HORIZON REPREGENTING PREVIOUS ELSVATION
ZUATER = FuiuR3 HORIZOM VALUBS CALCULATED FOR CURRENT SCAN
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Appendix 82

In Appendix 81, a method was shown for calculation of x, y, and z, where

(x. y)} is the intersection of ithe observer-target line with the last running
horizon line and z is the horizon elevation at the position (x, y). This
Appendix describes the method for projecting the horizon elevation to the
target position. It is at this time that earth curvature is introduced into
the line of sight calculations.

Letting RE = the radius of the earth

g _.= the elevation of the observer

0B
H = the height of the observer
0B
R = the range to the horizon line from the observer
JA
and R = the range to the target from the observer
T

the situation might be drawn as follows:

)
* Eop (Re#Z, yp  -Ry/RE)

i

(V, W)

(0,R. + H

3

0B

+ H
€0 0B

(0,0}
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Now
7 = \/V2+w2—RE

]
so 1T we can determine values V and W, we can find Z .

But (V,W) is simply the intersection of lines (0,0) - (V,W)

and (0, RE + HOB + EOB) - (V, W).

The equation for (0,0) - (V,W) is

YU AX' 4B
where !
B=20 .
i
A=tan (/- (“1/Rp)) =cot (“T/R.) i
i
And the equation for line (O,RE + Hyg* EOB) -(v, W) is J
Y' = A'X'+B' :
§
where j
B' = Rp * Hgg * Egg ;
and (RE + Z) cos (RZ/RE) - (RE + Hop * EOB) ;
Al =
(RE + Z) sin (RZ/RE) :

Solving these two line equations simultaneously, then, for V and W

BI
= ot (RT/RE) — AT

cot (“T/Rg) B!
cot (“T/R.) - A'

e)
with A' and B' as defined above.
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APPENDIX C

LOSMAP TIME COMPLEXITY
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APPENDIX C 1
The Time Complexity for an NXN Map Using the LOSMAP Algorithm

Consider a Map with N scan lines, and N points per scan line and an ob-
server at a point such than n scan 1ines are tohis "left" and m pcints
on each scan are below him.

In example above, N
n
m

7

If a calculation has to be made each time a profile crosses either a

vertical or horizontal scan line, how many calculations have to be made
to compute a LOSMAP?

There are N-n scan lines to the right of the observer. The first
one (the one immediately to the observer's right) requires N crossings of
vertical scan lines (one for each point on the scan); the second requires

2N crossings of vertical scan lines, etc. for a total number of crossings
of

N+ 2N + 3N+ .... + (N-n) N
N{l+2+3+....+(Nn)J
N (N-n)(N-n+1)

Z

There are n scan lines to the left of the observer.

1]

The total number of crossings of these is

N+2N+ ....+nN
N (142+....+n)

QY

C-2




Therefore the total number of crossings of vertical scan lines is

Ny = g-KN-n) (N-n+1) + n(n+1)}
n, ~ ﬂ_{NZ-nN+N-nN+n2-n+n2+n}
2
4 . = N {N2+N+2n%-2nN)
2 2
: . = N {N%N+2n (n-N)}
; f
4 Now 2n (n-N) is most negative when n = N/
¥ 3
; Since  f (n) = 2n® - 2nN
3 f'(n) = 4n -~ 2N

Setting 4n - 2N = 0, n ="/2

LT T

) So f(n) has its minimum or maximum at N/2
4 But f"(N/2) = 4>0 so f(n) is minimal when n = N/2.

so n, > Nz e w e 2(V2) (M2
> N2 (82 + W
> 8374 + N8/2, order N

I

<+

3

We have only lccked at vertical scan lines. There are as many again
crossings of horizental scan Tines, (similar analysis using m in place
of n). This essentiaily,doubles the number of calculations, but it
still remains of order N~ for a map with minimum crossings; that is, of
order 3N3.

There are a]wgys less than 2N crossings (horizonta% and vertical) for
each of the N target positons, so the order is <N°.

Therefore the order is N3 for the LOSMAF algorithm.

C-3
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